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PREFACE 


Two thirds of this booh. is an account of my own personal 
experiences with blood transfusion The remainder represents 
an attempt to extract the more important material irom the 
vast literature that has collected around the subject 

3Iy purpose has been to present the practice of blood tran3 
fusion 

All subjects not directly related to blood transfusion have 
been omitted — for example the medico legal and anthropological 
aspects of blood grouping — and, to economize space, there is no 
historical section 

In matters of technique, where several alternate e methods 
or patterns of apparatus exist, as for example in the technique 
of blood grouping or m the choice of transfusion apparatus, I 
have adopted the principle of describing in detail the procedure 
which I have found by experience to be the most practical, to 
the exclusion of the rest Tins is in contrast to the continental 
custom of describing a variety of methods, as the result of 
which the reader is no doubt better informed but is left m some 
confusion as to w lueli to employ in practice 

I hat e drawn particular attention to the grav e danger of circu* 
latoryfailure in the transfusion of anaemias of long standing, and 
to the principles governing the rate of introduction and dosage of 
blood, as altered conceptions in regard to these matters form the 
t w omost imports nt a d v ancesm blood transfusion of recent years 

A technique for estimating the titre of typing sera is included, 
as the provision of typing sera of guaranteed potency is a matter 
of fundamental importance 

A simple diagrammatic plan for explaining the interaction 
of the blood groups is illustrated 

A new composite transfusion apparatus — the transfusion 
unit — is described 

The organization of a \ oluntary transfusion service is dis- 
cussed at some length 

The international nomenclature is applied to the blood groups 
throughout 

The chapter on stored blood is incomplete, but it was 
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nccessarj for me to stop adding to this section if the booh was 
c\ er to be published, and I ha\ e tned to compromise bj making 
the bibliography as up to date as possible 
It b now neatly twenty years smeo the subject of Blood 
Transfusion was reviewed in book form in this country, and 
during this time an immense bibliography lias collected No 
attempt has been made to represent this fully and only those 
contributions which seemed to me to bo of practical importance 
Ime been extracted for quotation The Hnnard reference 
system has been adopted 
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‘It is sufficiently known? that roans bodj is joined 
together of four Kinds of humors or complexions to 
wit, of BLOUD, Cholera, Melancholia, and Phlegma , 
but amonpst theso is the bloud one or the best, partly, 
for that it is the matter of the \ ltnll spirits, wherein 
life itself hath hia being or for that it 13 to be com 
pared with the beginning of life, because it is bj 
nature warm and moist or because it hath more 
\crtue to nourish and to sustaint, than anj of the 
other humors 

In fine, it 13 such a Jewell of nature, that if tho 
same be taken away, then death doth ensue * 

W irtzung a General Practice o] PJ ye tele 
London 1617 



CHAPTER I 

THE COLLECTION OT BLOOD FROM THE DONOR 
General Management 

As soon as the donor lias arrived for a transfusion he is asl ed to 
sit down and the cross grouping is begun straight an aj While 
this is proceeding it is as well to ash certain questions 
‘What group are you? This maj sometimes expose a mis 
take clerical or telephonic it the outset and so avoid a 
catastrophe Occasional!} more than one donor is attending 
the hospital at the same time and it has happened that the} 
have been mixed 

How many transfusions have } ou gi\ en ? A donor attend 
mg his first transfusion must be at least shghtl} apprehensivo 
S}mpathetic and skilful handling will do more than relieve his 
anxiety It is like]} b} giv mg him a good start to keep him as a 
member even though afterwards he maj have less fortunate 
experiences In the case of an experienced donor it will be 
worth while to ask his advice on the choice of a suitable vein 
he probably knows for instance that the most prominent vein 
is not necessarily the easiest to puncture 

Have you just had a meal ? The fasting donor is preferred 
‘Which arm do you prefer’ Sometimes a donor w ould like to 
be able to use a particular arm that evening or soon after the 
transfusion for music or games 

Wlule observing the cross matching the donor is told to take 
off his coat and waistcoat and he on a couch this saves a little 
time m an emergency and removes him ftom the immediate 
sphere of activity 


THE DONOR 

Position 

The donor should he supine with a small pillow under his 
head If the blood is taken m a sitting position lie may faint 
The bed table or couch should be firm and j referabl} about 
the height of an ordinary operating table so that the intro 
duction of tlio needle is made b} the surgeon standing w hile the 
blood is collected by an assistant sitting An assistant is not 
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necesvin if the rcoenmg flask can be arranged at n cotut merit 
height on a eule table ot stool 

7 he aj)]inralu3 required will be 

V sj lij gmomanomf ter 

A c< It cting tattle 

Donor nntt! awe 13 (S \\ ( ) 

Donor tulnoR (new ) Length 0 uicl o« Inti mat duuncU c inch 
Soil sum citrtvU 3 jv r cent l or do^ge sco p l$2 
An Uheusudretjutrcm nlsforskmprf paninonfti\ct!o«tf omiostl win 

The upper limb 

Position The arm should be to the sido in the anatomical 
portion and not abducted with a small firm pifloti behind 
the elbow to throw this region well forward Most donors 
Id o to hax o something in their hand to gnp such ax a 
b milage 

Venous obstruction An ordinary sphygmomanometer 
blood pressure bug is wTnpjicd round the arm aboxc the elbow 
and blown up so as to obstruct the \tnous return without 
obstructing the arterial inflow General!} speaking it will bo 
safe to go up to a pressure of 70 nun Hg hut the point at w Inch 
the maximum distension of the veins is produced will decide 
tho optimum pressure for the donor concerned 1U means of 
such an armlet an extn and constant distribution of pressuro 
nround the arm is obtained so that n maximum xenons ohstruc 
tion is produced Moreoxer slight alfcrations in pressure are 
rcachlx obtained bx this apparatus which can bo controlled 
bx the donor or the surgeon 

A spin gmomanometer should always be used m preference to 
nnx fonn of tourniquet such as a length of rubber tubing applied 
oxer lint this is uncomfortable because it often pinches the 
skin and donors dislike it 

Selection of a xeln 

A medium sized xcm is selected in the elbow region nsuallx 
the median cubital or mednu bosibt If the xcm* arc xerx 
prominent it is ns xxell to axmd the most obx ions one, rw a xerx 
large and superficial \ cm m not alw n\ e ca*x to entc r In practice 
tie rasicjd »ei» to puncture is the jnl/mblt rather than tho 
visible x cm Tho/cason is th it the former is w ell anchored V) 
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tlie tissues and is less prone to shp laterally \\ hen the point of 
the needle conies up against it 
Shin preparation. 

Acetone is perhaps best for the shm because it does not smell 
as much as any other suitable antiseptic such as ether, and it 
has the advantage of e\ aporatmg quickly , as opposed to spirit 
which dries slowly and !ca\es a slippery surface, which makes 
the introduction of the needle difficult Iodine must never be 
wed Apart from its mcfficacy as an antiseptic, it stains the 
clothing and sometimes causes bums the latter being in f ict the 
commonest claim for compensation mado by the donors of the 
London Blood Transfusion Service 
Local anaesthetic. 

A donor should always bo asked if he wants an anaesthetic, 
and it should ho pointed out that it is a local anaesthetic other 
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Fic 1 Donor needle an ( tul mg in a slrnl gla^s fat* 


wise some inexperienced donors imagine one is offering a 
general anaesthetic and refuse it promptly Quite a number 
however definitely prefer to have no form of local anaesthetic 
Considered fiom the surgeon s point of view the anaesthetic 
gives extra confidence especially with a nervous donoi or if the 
veins aro not well marked The injection should be strictly 
tntradermal raising a w heal the size of a sm ill pea c ire being 
taken not to puncturo the underlying v em if this is very super 
ficial The injection is made otcr the vein that is in the lino 
of the vem and not to one side of it as is sometimes suggested 
As soon ns tfio anaesthetic has been introduced the blood 
pressuie hag should be let down, as it becomes uncomfortable 
if left blown up for too long, and the wheal is managed auay 
before picking up the donor needle If this is not done the 
vi heal may obscure the lino of the vein and thus increase the 
difficulty of the venipuncture 



Technique of puncture 

The skin Using a sharp needle of the comparatively small 
laired aim. Id mounted type, size 13 (fig 2), no initial nicking of 
tho akin by n scalpel is necessary or ndv ised 

Control of the vein In making an intravenous injection 
tho natural tendency is to control the movements or the vein 
inadequately It is not enough simply to pull the skill down- 
wards, the vein should he controlled on cither sido ns well To 
do this, two fingers must bo used, one on either side of the %ein, 
to stretch tho skin laterally and at the same time draw it (low n* 
w mis (l'ig 2) Tins position may lie taken up with the hand 
Iwhind the dhow or in front The former position is the easiest 
for children whose arms are small, the latter for adults 
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Tins method was e\ ohcd, tliaugh no doubt it is practised by 
many others, as the result of two years’ experience m an injcc 
tion clime, and is recorded as it has pio\ed effective 

The site of puncture. 

Tho donor needle should be introduced towards the heart at 



the most distal point jn a long stretch of vein Tins allows for 
another attempt into the same vein at a higher level should a 
hnematoma form as a result of unsuccessful initial puncture 

If venipuncture is unsuccessful and there is any leakage 
immediately let down the pressure bag and massage away the 
swelling A haematoma will only form if pressure is maintained 
after wounding the vein 
Tailed puncture 

Before attempting a second venipuncture the needle should 
be w ashed through w ith citrate Very often there is an obstruc 
ting clot present 

Tailed puncture may be due to inexperience, to the small size 
of tho vein, or to venospasm 

Small veins. On rare occasions, if the elbow veins are small, 
a better flow will be obtained by inserting the needle with the 
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point aval from the heart that is to say directed towards the 
hand 

Venospasm Aenosjusm is not common but ina\ affect 
nil the veins in the limb as soon ns the selected van is touched 
by the needle I”he stze of tho veins also quite dcfinitch 
affected b) the donor s emotional state at the time If the veins 
ait in sjn«m tho best plan is to ad* the patient to cxerciM. his 
arm or to place it in a hot arm bath and try again when one 
w ill usually be Huceessful 

The method of collection of the blood 
The l lood may lie collected by an open or closed method 
The open method The open method of collection has the 
advantage of ttl olutc simplicitv Its wife tv depends upon the 
fatt that Irish blood is a highly boctcncidnl medium Because 
blood has this property it is mfc to collect by an oi>in method 
prov ided that rc isonnblo c are is tal en to «v oid droplet infection 
from coughing or talking over tlie mouth of the bottle 

tie dosed method — particularly for the inexperienced— has 
the disadvantage of extri apparatus and should the flow *top 
whin using this method the necessary manipulations to n start 
it afford opjiortnnities for contamination such as do not occur 
with the simpler technique 
lie procedure 

(</) A short length of new rubber tubing not more than 
nine inches long — 1/ is tery commonly far too long — is 
attached to the donor needle 

(6) Both needle and tubing are unshed through tnfh sodima 
citrate The needle should never lie inserted into the vein 
first and tho tubing attached afterwards 
(c) Tho end of tho tubing is directed into the middle of the 
receiving l Kit tie Otherwise blood will be sploshed over 
the sides u inch tends to cause clotting as well ns making 
it difficult to see how much blood has been collected 
Jlalc of Jlou \\ itii mi ordinary donor needle sire I 5 blood 
wiff flow at fIRl c e a minute tor the first 1 minutes and r 00 1 t 
can Ik? collected m G minutes this is quite fast enough for nil 
occasions m tivil practice 

Miti tig of fie Hood awl citrate There is no need to atir the 
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blood with a glass rod ns it is collected nor should it bo \ lolenfly 
agitated alittlo gentle rotation of the bottle to ensure adequate 
mixing of the citrate with the blood is all that is necessary and 
all that should bo attempted 

Arrested flow If the flow of blood stops or slow s and there 
is no haematoma which would suggest that the needle has 
slipped out of the \ein the needle should not be mo\cd until 
the following points have been checked 

1 The blood pressure bng may have leal cd and the pressuie 
fallen 

2 The blood pressure bag may be too tight nnd the pressure 
so high that the artery is obstructed and no blood is passing 
into tho arm 

3 The needle bevel may be resting against the anterior wall 
of the vein and need the hilt tilting an ay from the skin so 
as to depress the point or the axis of the needle may not 
be in tho lino of tho vein 

4 The tubing attached to the needle may bo 1 inked blocked 
with clot or too long 

The flow may usually be restarted by 

(а) Readjusting the pressure m the armlet of the ephygmo 
manometer which mav be too high or too low 

(б) Asking the donor to open nnd closo his hand firmly and 
slowly 

(c) Massaging the veins on tho front of the forearm w ith the 
flat of the hand from tho wrist up tow ards the needle 
this manoeuvre w ill alw ay s increase the flow if no olistruc 
tion is present in the needle 

11 itkdrau al of the needle To w ithdraw the needle the pro 
cedure is as follows First deflate the sphygmomanometer arm 
Jet with the left hand place a swab over the site of puncture 
with tho other hand withdraw the needle shaq ly maintaining 
firm pressure with the swab during and after the withdrawal 
Keep tho forearm extended till the puncture wound is sea fed 
ns better pressure can be maintained m this position than when 
it is bent at the elbow The needle should bo w ashed through 
With cold water immediately it lias been withdrawal While 
this is being done ask the donor to press firmly on the swab 
over tho site of the venipuncture w ith the fingex s of Ins free hand 
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X>r«v mg tht elbow If the puncture wound is email and tangle 
eeil the opening with a small piece of adheaiv o strapping this 
leaves the elbow joint free 

If more than one puncture has been made or if there in A 
tendency to leakage bandage over a clean swab tn such n «ij 
ns to ni uri tain pressure and limit tlic mo\ cments of the elbow 
joint 

After the. transfuiian. Tlie donor should remain recumbent for 
10 minutes and then slowlj resume the upright position The 
bandage should be kept on until he goes to bed, when it mivy 
be replaced with a patch of ndhcsiv c plaster w hicli should not bo 
removed until 24 hours after the transfusion Sirmhrlv he 
should Ik adv ised not to uso that arm for v lolent exercise for 
th *t period of time Tlieso precautions nmj not seem nccessar) , 
but experience shows them to be advisable 

The closed method The closed method of collection is the 
one of choice for e\j»erienced operators and m all instances w hen 
the blood is to be stored A negative pressure is made in the 
collecting jar cither bj a rubber bulb bi oral suction through 
an niton ening filter b> a motor tyre pump with the valve re 
verged or bj the rolarv pump Core must be taken not to exert 
too strong a negntivo pressure ns this will collapse the vein so 
that the flow ceases or the vein may become sucked over the 
end of the needle producing an unpleasant vibrating sensation 
The length of tubing between donor and bottle should bo as 
short as possible 

SUMMARY 

1 The donor should be Ijing flat while the blood is being 
withdrawn 

2 A sphygmomanometer should be used to obtain venous 
obstruction 

3 The uso of iodine is condemned 

4 Successful intravenous puncture depends upon absolute 
immobilization of the ('elected vein This is best achieved 
1>> bilateral digital control 

5 The needle should be sharp and not too large 

<1 A short length of fresh rubber tubing should bo used for 
each transfusion 
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7 The blood should not be stirred or agitated during collec- 
tion 

8 Various methods of ensuring a satisfactory flow of blood 
are described 

9 The treatment of the donor both before and after the 
transfusion is indicated. 



CHAPTER II 
THE RECIPIENT 
GrNFRtu Ma’sagfment 

Preliminary 

Fl HLDtiiNF m the form of a half gram tablet should he given 
half on hour l»eforo tlie transfusion The object of this is to 
proi ide the antidote to a possible nllergic or nnnpliy Inctie reic 
tion 

Omnopon — one «ixth of a grain — should be given if the 
patient is wen ous at the aarne time as the ephednne 

Alkalimzation of the patient has been suggested ns a prophj 
lactic against a possible haemolytic transfusion reaction 

Conduct ol the transfusion 

The patient The patient should be lying m a comfortable 
attitude in bed with the selected arm outstretched upon a 
firm pillow and some means of obstructing the venous return 
in position above the elbow If in a general ward the bed 
should be screened of! just before the transfusion w ready to 
begin 

The apparatus 1 ho apparatus should be put together and 
made ready for use m a aide room aicay from the patient and out 
of hi* htannj Tins is advisable bemuse it sometimes happens 
that the start of the transfusion is held up by unforeseen 
technical difficulties associated w ith the assembling or filling of 
the apparatus It is better that these should bo corrected out of 
sight of the patient Only when even thing required is ready 
and in working order should the apparatus be wheeled on a 
trolley into tho patient s presence 'hie transfusion can then 
be started immediatcU without delays occurring at the bed-ldc 

Ihe easier the transfusion goes the le«s tnipres. cd is tho 
jiatient and the more hkeh ho is to talk and joke after it is over 
1 his is an ease stale of affairs to allow to dc\ elop, but it pre 
disposes tow anls a reaction 

At the end of the transfusion the p itient should be mduced to 
go to sleep with the help of drugs if neecssnrv, and with hot 
water bottles in the bed in ease of a jwssible reaction The 
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trolley should then be wheeled out quickly and quietly , the 
blinds drawn and the lights turned out 

After the transfusion 

Leave instructions that the first specimen of urine voided is 
to be collected and measured and if possible e\ mimed spectro 
scopicall> for haemoglobin as a matter of interest 

Leave instructions about the treatment of a rigor should this 
happen (p 75) 

Visit the next daj and inquire if the patient has had a rigor 
and note the temperature and amount of urine passed and 
whether there is anj jaundice 

Arrange for a blood count and haemoglobin estimation 24 
hours after the end of the transfusion 

In a private house 

As on the occasion of any other surgical enterprise in a pm ate 
house the nurse in charge should he asked to provide spaco and 
empty tables 

It is very unwise to undertake a transfusion outside hospital 
w ithout a nurse in attendance at least for the night follow ing 
the transfusion If there has been no complication she can go 
first thing next morning 
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TYPING SERA 

THE GROUP TESTING SERA. 

CoNSiDFitABtE variations exist between different centres in 
regard to the ewe shown m Mfleetirm of tbo honors that are to 
supply the toping sera m the attitude towards the need for 
tit ration of the t>era «o obtained in their view s as to the optimum 
titre desirable for accurate w orb and m the technique of collec 
tion and sampling In some countries the scrum for the whole 
state is manufactured at a single institute m others each 
hospital prepares its o\\ n The extent of distribution differs also, 
in some countries the ty ping sera are a\ nilablo for use only 
amongst recognucd hospitals ami selected medical men m 
others they maj lie obtained by all These v anoiw sv stems vv ill 
now be considered and the outstanding principles envphawed 

The Shfctzov or a Sfklsi Doson 
Personal characters required 
In the course of titrating n large number of sera it lias been 
shown (Brew tr 1937) that individuals between the ages of 
18 and 45 (approximately) arc more suitable than the very 
y oung or the \ ery old m w horn the agglutinin content is on the 
average somewhat lower than during the age period between 
these tw o The sex and stature appear to ha\ c no connexion 
with the agglutinin titre A bulky policeman may have a lower 
agglutinin concentration than a diminutive girl typist It is 
important that the donor should lx> m good health and that he 
should not have had anything to eat particularly any fat for 
at least three hours before the donation as it has been found 
that tho presence of fat m the stored scrum has tv definite lower 
mg effect on tho scrum agglutinin oonet ntratiou 

Serum characters required 

High titre 

The most important step is to obtain from men or w omt n ful 
filling the above conditions a donor with a high titre alpha or 
beta agglutinin Such an individual can only be found by 



TYPING SERA 


13 


titrating the sera of a series of members of groups A and B. 
All new recruits to the London Blood Transfusion Service 
belonging to these groups have their sera titrated on joining, 
so that a constant supply of high titrc donors is available. 

The Problem of Titration 

The question has been raised whether the titration, that is to 
say the estimation of the strengtii of typing sera, is really 
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Fia. 4 A Graph to show the lariatum m Titro of the Agglutinins in mem- 
bers of the tame group (Riddell and Harwood.) 

necessary. The answer to this question is seen in Fig. 4 where the 
results obtained from the titration of the sera from 20 different 
members of group A are illustrated. (Similar observations have 
been recorded by Brcuer (1937), Weiner (1935).) 

It will be noticed that the concentration of the same 
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agglutinin Mines markedly m individuals of tho aamo group 
that one memlier of, eaj , group A hag an agglutinin, w Inch is still 
nchv c though diluted 200 times, whereas another becomes im- 
potent when diluted only once with an equal volume of fcalme 
This enormous mdn idual variation bhov. s that it is nn possible 
to choose at random high titre sera 

The Estimation of Titre Value 
Collection of the serum 

(а) For alwHitton of Tttre About Ccc of the fasting donor’s 
blood should be drawn This is allowed to dot, and the 
clear serum is taken of! as soon ns it lias sopnrated, mid 
centrifuged The scrum should not be allowed to remam 
in contact w ith the clot for more than 24 hours, as there is 
a tendency for hacmolj sis to take place, which lowers the 
scrum agglutinin concentration 

(б) For etocL purposes In putting up stock Rcra for supplj 
purposes, a larger amount of blood should be drnuu 
depending on the amount of serum required A 40 per 
cent > veld of serum is obtainable from anj given \oUimo 
of blood Tor example, 500 c c of blood will jidd about 
200c o of scrum, mull cc of scrum will fill approximately 
12 capillar} tubes 

Technique of Titration 

The principle of titration is to put up a senes of increasing 
saline dilutions of the scrum to be tested with a susjicnsion of 
sensitive red blood corpuscles 
Reagents required 
A senes of small tubes — 3 in vj in 
Cmduatcd pip ties 
Un lilulrd w nun 
Normal saline 

I redi sttsp-nsian of ret! btood-ce!U of group A when titrating group B 
serum end of group 15 wbm titrating group A nr-rura 
Preparation of the red cejl suspension. 

l») Withdraw 6 c e of Wood into citrate (3 per nnt ) 

(u) Woidi four times li> cvwtnfaguig m nomuil wilme 
(in) After tlie Inst washing, pour off (lie sup ninumt saline 
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{i\ ) Ackl 1 c c cells to 71 c c of 0 85 per cent saline This is now 
a 1 in 75 dilution 

If titro estimations are frequently being determined it is an advantage 
to use the same cells on each occ ision as the agglutinogen content \ aries 
slightly in different individuals It is com enu nt to take the blood from 
a member of the permanent staff of the laboratory 

The titration 

(i) Arrange 7 small tubes in a rack 

The dilutions arc usually chosen to be multiples of 2, but multiples 
of 6 are more easily remembered m the higher dilutions 
(n) Pipette tho solutions in the order indicated in the diagram, fig 5, 
that is to say — s aline fi rst, then serum, and lastly the red 
corpuscles ~ 4 "“’ 

(ui) After adding tho red cells mix the contents of tho tubes by 
im ereion from lugli to low dilutions 
(iv) Allow to stand o\er night nt room temperature 22° C on tho 
laboratory bench With incubation at 37° C haemolysis may 
occur, which makes the rending of the end point more difficult 
Take rending? next morning by imertmg the tubes twice not too 
■vigorously, and gently rolling them between tho palms Shake gently 
und read tho tubes in a good light for example directly under an electric 
light bulb It is necessary to take considerable time and care over deter 
mining the end point tour grades of agglutination are recognized 
+ + + Conglomeration of the corpuscles into a largo solid inass 
+ H- Conglomeration into a few somewhat smaller masses which 
may bo surrounded by smaller macroscopic clumps in the 
fluid Or there may be ono large clump and several smaller 
ones 

+ A suspension of small but macroscopic clumps in a clear 

fluid (Actually in tlus group is included a fairly wide range 
of small clumps ) 

± Fxtremely small but definite clumps detectable to the naked 

eye m a good light Clumps are more easily seen with the 
aid of a lens, preferably a X 8 If a ± is repeated, always 
tnko the first ± as the end point 

— No detectable clumps (small amount of fibrin must not bo 

confused with mosses of corpuscles) 

It is unimportant whether tho reading of tubes at the beginning of 
tho range of dilutions is + + + ,++, or + It is the end point wluch 
is all important 

The end jiomt will vary with the technician reading tho sera, whether 
agglutination is determined by microscope, lens, or naked eve, with the 
concentration of the red cells mod, and whether the tubes were incubated 
or not before ro examination All these factors aro, however, standard 
izod by each technician and an error, if present, will be a constant ono 
and will involve only one, or rarely two, tubes 
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Inhibition of liocmogglutm'itton n sometimes aeon in the earlier tulip*, 
though it may ntum m the higher dilutions Tins w the so-called 
pro'onc phenomenon These sera should not bo used for ty ping purposes 
(Pondtnan and Urondwijk, 1932) 

2V*ti«w 1 * ) j 

%ORMALS\U\F 0 4 ee v lOrc JlOer 

8LRCM rrnr,> 1 See. I l-oec > Mte 
Mix then Mix, thrn 

Ullff ..Mlcf 
r of mil or nix 

dir# to lore to 

I till* 2 tube) 

Dlhtkm tfirran I I5S I Si IS 
CORK Stirs 

o -Ulhitl'O) I Hire Hlct tocr 

f Inal dilution of 1 

wrrnra 1 .1 [ to I 10 

Theoretically and ideal) \ on individual should bo selected whose 
serum h fret from accessory agglutinins or sub groups Tlio only way 
to exclude them would lx to trv out the selected sera against a scries 
of colls of the sumo group and of group O which nro not normally 
agglutinated by th'sc «cm for example 

A scrum against A cells or O ctlls normally no agglutination 
« , II , O . 

If thes< tests are negative the presence of an accessory agglutinin is 
extremely unlikely tlioiif.ii absolutely toexcludo one would presumably 
have to pul up l ho scrum against the tills of every member of thrwvo 
groups in the world fortunately the presence of those accessory 
ngUutinina is cxtnmily rnrt, and even wl en presint thiy arc almost 
invariably ol low litre J-or these reasons r/rrrjjc’ry tn<ty he 

t qnortd in the selection of serum donors 

The Constancy of tltre of a Scrum Donor, 

Once ti donor of high titro has been found ho may be imed 
again and again without rc titration as the scrum nggliituiin 
concentration remains verv constant except, perhaps for slight 
diminution in middle and old ago The Medical Ofhccr to the 
Ixmdon Wood Transfusion Service (Brower, ID 17), rettiraletl 
tlio scrum agglutinin content of 100 donors of groups A, B, 
and O after an interval of at least six months during which 
most of the mdiv idunh had donated Mood on one or more occa 
810 ns The npeat titration figims were identical with the 
ongmnLs in ‘>1 per cent of these donors In the remainder there 
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was a difference of one tube only in the reading and tins can 
probably bo regarded as an experimental error 

1 2 3 4 5 6 7 
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Fio 5 The technique of estimation of serum til rt 


I ORGANIZATION OF THE SUPPLY OF SERUM 
Source of Serum central or generalized 
The question arises whether ideally the serum should bo pro 
pared m a central Serum Institute os for example in Capen 
hagen and Utrecht, and from there supplied to the whole 
country, or whether it can safely be prepared in numerous 
smaller centres each storing enough for its own use The 
advantage of a central laboratory is that the scrum is titrated 
and put up bv expert serologists Furthermore, if the scrum is 
obtainable only on application to the Institute, the destination 
of each tube is known and a warning notice can be sent to the 
purchaser a short time before the limit of potency is reached, or, 
c 
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alternatively, an exchange astern can he arranged for the 
supply of fresh sera to replace the stale Probably also, in state 
supported laboratories as in Holland and Denmark the cen 
tmlizcd preparation is a better economic arrangement If the 
control is decentralized for instance in the hands of manufac 
turmg chemists the sv stein of supply and recall mil he more 
hazardous 

At the same time it would appear to be wrong m principle to 
deprive hospitals m particular tho e associated with teaching 
schools of the opportunity of preparing their own sera 

Probably tho best arrangement is a combination of the two 
systems the larger institutions which lm e the necessary start and 
demand for sera to prepare their own the smaller hospitals and 
mdiv ulunl doctors to obtain commercially prepared sera provided 
by a reputable Firm or institute on a non profit making basis 

Distribution of Serum 

The extent to which serum should he distributed is much tho 
same type of problem as that of the source of supph Tho 
question has l>een raided whether ty pmg strum should be obtain 
able by all or should only bca\ndnl>lc to hospitals and doctors of 
known repute Grouping is not always as simple of interpret! 
tion ns it is alleged to be and it is generally agreed that blood 
grouping should l c carried out b\ some one w ith experience 
w henov er possible 

Nevertheless if possession of t\ ping semis to be limited to the 
few the tendency will be for students not to trouble about this 
part of their training and eventually the number of those 
experienced in the u*=e of typing serum will become fewer than 
e\ er Such specialization is not in the interests of the j roftssion 

II PREP VRATION 

The Relative advantages of Fluid and Dried Sera 

Ty pmg scrum can be put up in capillary tubes m a fluid form 
ordned by exhausting m a vacuum It is claimed for the latter 
method that tho titre of the agglutinins is mamtamed in the 
powder over a longer period of time and this is an advantage in 
tropical countries where tho fluid forms of sera art interfiled 
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with by evaporation Tor general use in most countries these 
claims will not apply, and as dried serum is less simple to prepare 
it is hardly likely to replace the fluid form except where the 
turnover is v ery small 

In Leningrad, at the Blood Transfusion Institute, m an 
attempt to shorten the time taken m grouping, they have 
experimented with sera dried tn situ on glo«sy paper Each 
plaque of scrum so produced must first be dissolved with a httlo 
normal saline so that it is questionable whether m the long run 
time is really saved If by mistake water w as used instead of 
saline, the cells when added would, of course, be haemolysed 

Concentration of sera. 

Owing to the comparatively rapid deterioration of typing 
sera, it may bo desirable for a laboratory to supply sera in 
concentrated form to infrequent users, since it is the initial titre 
w Inch in large measure decides the period of potency 

The technique Is as follows Tho scrum is frozen solid and is then 
allowed to thaw undisturbed at room temperature On timwmg, tho 
agglutinins nro found to be concentrated in tho low er layers of the serum 
which nro much darker than the original Tho top layer, which is liko 
water, possesses littlo or no agglutinating power By withdrawing tho 
upper two thirds of tho thawed serum with a pipette in such a way as 
not to disturb tlio lower layers, ono third of tho original volume is left 
containing approximately two and n half times tho concentration of 
agglutinins in tho original serum Tho loss of total agglutinins by con 
centrating to this extent is therefore relatively small If greater con 
ccptration than this bo required it may be ncliicv ed by pipetting off raoro 
of the supernatant and m this nay n concentration a3 much as eight 
times lias been obtained in tho residue Tor practical purposes with 
draw nl of tho upper two thirds usually sufhees (0 Meara 1033) 

Packing. 

The scrum after collection must be carefully preserved from 
contamination as bacteria will lower the titre Tor most 
purposes the fluid form of serum is the most practicable 
This may be put up for use in ampoules or capillary tubes, 
the glass of which is conveniently coloured differently Of the 
tw o containers the ampoule which is designed to hold enough 
scrum for a number of group determinations is the less satis- 
factory This is on account of the risk run of contamination 
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from constant reopening which is ui turn followed bj a lowering 
of the agglntinm litre 

III STORAGE Or SERA 

The Maintenance of Tltre Value during Stonge 
The most important factor in assuring a prolonged period of 
potency will b© the choice in the first place of a high tilre 
fasting donor to supplv the serum It has been shown that the 
higher the original titro tho longer the scrum will remain potent 
At room temperature and with non-exjiosuro to light, sera with 
an initial agglutination litre of 1/100 will remain potent for at 
least siv months, whilst weak sera for example 1/23 or less will 
deteriorate and Io«c all potenej in a few weeks 
In sev end of tho countries v isited in the course of this inv esti 
gation it was found that sera of much lower titro than this 
were being used for routine grouping atid in some titration was 
omitted altogether Tho highest titre serum was found in 
Copenhagen the claim being made that it was active m a 
dilution of 1 in 2,048 A sample was brought back to this 
country and on rc titration was found still to haco tho high 
titro of 1 in 512 in spite of being kept under unfavourable con 
ditions while travelling 

Ibe potenev of the scrum is slightlj prolonged if it is stored 
in an ire cheit or refrigerator and kept a wag Jrom the light 
The effect of Preservatives 

The uso of colouring agents added to tho serum itself or the 
addition of preservatives such ns phenol or ncriflavine are 
bctttr avoided ns the> slight I v but defimteh lower the ngglu 
tmm concentration and their preservative notion is negligible 
The effect of Infection 

Contamination of the serum has a similar eficct Dctcnora 
tion of sera probablv accounts for tho inses of alleged change of 
Wood group which have been reported from time to time 

1\ THE COST Or T\ PING STRUM 
The eoit of tv ping serum lias an important bearing upon the 
numlier of nils made for the uni renal donor 
In Great Britain, aa recently as 1973 tho cost of typing scrum 
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was almost prohibitive A pair of capillary tubes just sufficient 
to group one person cost 4s , that is to say 48s a dozen pairs 
The consequence of this was that many hospitals could not 
afford the expense of consistent grouping of their patients 
They therefore omitted it altogether and relied upon members 
of group 0 as universal donors, which threu a great strain upon 
this section of the service 

The matter w as investigated and arrangements w ere made by 
which high titre sera were obtained from selected donors in 
the London Blood Transfusion Service w ho w ere reserved for 
this purpose The sera so obtained is now supplied when required 
to a leading firm of manufacturing chemists who put it up in a 
suitable form for distribution The present cost is Gd a pair of 
tubes, that is to 6a> 6s a dozen pairs, a reduction of 85 per 
cent , so that the plea of non possession of sera can no longer ho 
accepted as a reasonable excuse for failing to ha\e a patient 
grouped, even by the poorest hospital, although in my opinion 
tho figure is still very much too high 

With the marketing of reliable high titre sera at a reasonable 
price, there should be less disinclination to discard serum which 
has become stale and more incbnation to do routine grouping 
both in antenatal clinics and before major operations 

SUMMARY 

1 The serum donor should be healthy, between the ages of 
18 and 45, of either sex and normal stature, and he should be 
fasting at the time of withdrawal of lus blood 

2 Stock sera for typing purposes should in all cases be titrated 
because of the great \ anation in the titre of the agglutinin con- 
centration amongst individuals of the same group 

3 Inexperience is not a reasonable excuse for omitting titra- 
tion ns the technique is simple and can be quickly learnt without 
special laboratory training 

4 The reading of the end point needs practice It is best to 
decide this w ith the naked eye It is no more accurate under 
the microscope and the latter takes longer 

5 The minimum safe titre to be employed is a serum active 
in a dilution of 1 in 100 

6 Sera devoid of prozone phenomena only should be selected 
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7 Potcncj is t»est maintained bv selecting high litre sera in 
the firstmstance for stock purposes This isadv ised beeau'-etitre 
value of strong and weak sera do not fall at the same rato 3 he 
sera should lie kept nwaj from the light and m a refrigerator 
Contamination and the addition of preservatives slight lv lower 
the agglutinin concentration 

8 The \aluo of concentrated and dried sera would appear 
to be greatest m tropical countries « here fluid sem muj lose bulk 
In evaporation 

9 Iho widespread preparation and release of tv ping sera is 
desirable in the interests both of teaching and practice This Is 
becoming more important in \ icw of the increased u°c of blood 
transfusion ns a therapeutic measure and becoming safer with 
the more general realization of tho importance of marketing 
high tit re sera onlj 

10 Tho destination should l>o carcfullv noted bv the dis 
tnbutors and idcallj reminders bent w hen the time limit of 
potcncj is approaching 

11 High titro — low priced— tjpuig 6Crnm is nn important 
auxilmn in tho management of a transfusion service 
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CHAPTER IV 


BLOOD GROUPING TECHNIQUE 

X T 7 many institutions it was noticed that an unnecessarily 
ponderous grouping technique was used 
It started with the method of collecting the cells to begrouped 
As a rule this was done, after pnching the finger, by taking 
sc\ eral drops of blood into a citrate solution and then centrifug- 
ing and w ashing in saline Sometimes the w ashing was repeated 
two or three times After mixing the typing serum and cells 
on a slide, the latter was occasionally placed m an incuha 
tor for a period of tune varying from two minutes to two 
hours A microscope was then obtamed, sometimes there 
was difficult} m focusing a fresh preparation Finally , the field 
m new, tlio interpretation was not infrequently tinged with 
uncertainty 

The object of my imestigations was to find the best means 
of simplifying this somewhat elaborate procedure, consistent 
with accuracy 

Although there is really only one essential for accurate 
grouping, namefy the use of high titre testing sera certain pro- 
cedures will help to maintain accuracy to aid interpretation, 
to shorten the time taken to do the test, and in short make it 
more practical 

Factors influencing the accuracy of blood group determina- 
tions will now be discussed 

1 Medium on which the test is made 
a. Iho actual mixing of cells and serum is best undo upon a 
u/u te opal glass tile Hus is smoother and more homogeneous 
than a porcelain tile, which owing to its granular surface, may 
giv e rise to a deceptive appearance under the hand lens simulat- 
mg agglutination The white background makes the naked oye 
interpretation straightforward and the tile is easily warmed It 
is the most practical bedside method 
Tiles with scalloped areas are not satisfactory , as the cells 
migrate to the bottom of the pool and distortion effects are 
produced under the lens by the sloping edges 
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A saucer or teacup turned upside down w ill sen e \ er\ w el! in 
an emergency 

The test was also seen carried out upon an orilinart gin** 
nncro^cope slide white glossj pajvcr or cardboard, and in small 
test tubes All these variations can be interpreted bj the naked 
eio aided b\ a hand lens 

b The slide method is not nd\ r^ed as the interpretation is more 
difiicult burthermorc if the microscope is u ed and n coxrrabp 
placed upon the fre«h preparation the free migration of the ml 
cells mij be interfered with 

To interpret with the naked c}0 the «h !e should lie raised to 
the l^lit and examined from below through its thickmss or placed 
upon n white luck ground 

C A square of white gloss} 7x171 tr is u«cd in I-emngrul at tho 
Wood Transfusion Institute with serum of groups A B nnlOupon 
it which has been allowed to dn A drop of saline is added to 
each to dwsoho the Miami nnd then a loopfnl of Wood Tho 
porsibihtics of this method lmc not act been fulh explored else 
where hut thej nee in quite promiwn,. The scrum is said to keep 
its agglutinin concentration scrj well 

If a rant with a whitt gloss> surficc is ijxid the background 
makes tho interpretation east and if the mixture is nllowcd to 
drv the can! cm l>c filed amongst the pcmiaiuiit n cords (Paris 
Transfusion Anguine d Urgencc) 

d \\ ith a test tube This method ni 1} lx* used w ith llui 1 actum 
or n« in \ M nna with dned wrum Fqual soluines of serum and 
cell suspension in saline are mixed in n smnll test tube and allow etl 
to stand Hie tubes mn\ Ik* examined nmcrnscopicalh a few 
mmutes later or a drop of the mixture nnj lie trnnsftrred to 11 
glide and examined under the mnroacope 

The reaction can be accelerated bj centrifuging the tube for 
about three minuU* After centrifuging the tubes art shaken n 
negative result shows os an even susjx n*>i m of ceils n po. itbo 
wlun the nils remain dumped together TIic chief u* for tin 
method ls when thin are a large *tne* of ctlh to be group'd as 
thca um nft he tximuncd at the same time 

2 Quantltnthe factors In most countries the unknown 
blood for 1} ping is taken into saline or citrate producing 1 nr} - 
mg dilutions Tins is probnbh the result of bed it ns at one time 
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it was considered necessary to wash the red cells first before 
putting them up with the serum since it was thought that w ith 
whole blood the associated agglutinins might interfere with the 
reaction This is now known not to be the case Frequently the 
dilution was excessive and when cells are added to serum in such 
low concentration agglutination if it occurs will bo difficult to 
detect microscopically 

Whole blood should be added to the serum In this way by 
avoiding unnecessary dilution of the serum agglutinins the 
onset of the reaction will not be delated and will reach its 
maximum in the shortest possible time High hire typing serum 
tull give an accurate result within hi o minutes 

Tins may appear to be an unsafe and dogmatic statement 
On the contrary I belie\e it to be a step towards greater 
accuracy and easier interpretation provided that 

1 The typing serum is of known high titre being not less 
than 1-100 

2 Whole blood is used and not blood which has been diluted 
by drawing it off into saline or citrate 

The Medical Officer of the London Blood Transfusion Service 
has used this technique on approximately 10 000 donors and 
has found it consistently reliable My own experiences support 
this conclusion 

3 Temperature factor Incubation is unnecessary 

To inhibit the action of cold agglutinins which are inactive 
at body temperature incubation of the slide at 37° C has been 
advised In practice more often than not there are no facilities 
for incubation but fortunately incubation is unnecessary pro 
ruled that in cold weather tho tile &c is warmed before use 

4 Time factor It is safei to put a tune limit to the reaction 

If the test is carried on for more than a few minutes drying 

occurs at the edge of the patch and simulates agglutination and 
the increased concentration in tho centre of tho mixture will 
cause rouleaux formation Between them these effects may 
mislead the observer and agglutination bo decided upon where 
none exists 

5 Method of observation Haled eye or microscopic? 
Tho use of tho microscope in inexperienced hands is a frequent 
cause of mistakes particularly if a covcrsbp is applied Rouleaux 
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formation w moTe> ob\ ions under the microscope and w tnsihj 

tntalaktn for irne ajfjftdinnhoH 

ComerM.lv the covershp raav prevent agglutination aa 
pointed out by I’aule \oungc (19JG) It a covcrdip is umxI 
ami very small drops of serum and colls as sometimes occurs 
in the direct compatibility test the liquid spreads out m n 
xtrv thin, film and tho ad blood cells are fixed between the 
two glass surfaces so that agglutination nia\ bo nicclmnicalh 
proi ented 

Nnturalh for a pathologist the o errors nro reduced to a 
minimum but for thoso who use a microscoi>e less frequently 
tho naked e\o method is the safest In nddition it will he more 
practical to get into the way of coming to a decision with tho 
naked cvc ns the grouping or cross test must often he done at 
the bedside and it w not always convenient to carry a micro 
scope around If m a given caso the microscope is preferred 
the slide should he examined w ith tho low cr jkjw or first follow 
ing tho well known lustologicnl axiom thn^if one is undecided 
under the low power one will he even hiotL undecided when 
examining with tho high jower) 

6 Sera used In some countries— France Holland Hun 
garv Huesia (1930)— ns well as using A and B serum for t\ ping 

0 scrum was used ns well The reason for this was that if tho 
litre of either or both the A and the II had fallen off, tho O serum 
if potent w oukl rev cal tins error In nn institution \v here thouse 
of stale A and 11 sera is po^iblc there is no rc won to suppose 
that the O scrum w ill lie potent 

APPARATUS 

Grouping will frequently have to bo undertaken at tho bed 
side and for this reason tho simpler ami more compact tho 
apparatus the better A satisfactory method winch can be 
carried out with a minimum of special apparatus and inter 

1 reted with the naked eve is described 

Some form of cutting tire lie will ho required such ns a 
Hagtdom triangular needle or the ordinary surgical cutting 
needle Round bodied needles should not he used for choice 
but nn ordinnry sowing needle will niako an excellent atil -dilute 
m in emergency A ) and lent w ith a magnification of ten turns 
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will also be useful For transferring the unknown blood to be 
grouped, a platinum loop or a glass rod is preferable to a pipette 
winch requires special cleaning and is easily broken A loop 
made of stainless steel w ire is better than platinum as it is more 
rigid and does not break so readilj It is comemently cleaned 
by u ashing under a tap and drying w ith a cloth Two match 
sticks will do very well in an emergency 
Summarized the apparatus and materials required will bo 


Typing sera A and B 
Opal glass tile 
Grease pencil 

Platinum loop or its equivalent 
Hand lens X 10 
Cuttuig needle 


COLLECTION OF THE BLOOD FOR GROUPING 
From the donor (Fig 8) Bj stabbing with a needle 
Favourite sites are the lobe of the car and the terminal phalanx 
of a finger, and the keel of an infant The drop of blood so 
obtained is transferred by means of a platinum loop directly 
to the serum 

From the patient { Fig 12) Trom a vein using a hypo 
dermic syringe and needle 

Since scrum for cross matching has also to be obtained, 
it w ill be much quid er to collect the blood for both purposes 
at the same time and b> a single puncture As the needle 
prick is onlj a 6hght one some small \ ein should be selected 
any obvious large vein being left undisturbed and reserved 
for the actual transfusion later on 

Two drops of blood are expressed from the syringe one to 
each pool of serum, and the rest is quid lj emptied into a small 
test tube The syringe should immediately be washed through 
with saline or cold water to prevent the plunger from eticl mg 

When bedside grouping is inconvenient 
(a) Grouping at a distance — e g by post 
A few drops of blood aro collected into 0 9 per cent 
sodium chloride containing 0 5 per cent sodium citrate 
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ashing is unnc«*s.-ai} A small test tube makes a suitable 
container 

(6) Grouping from clot 

In an emergency cells can be t cased out of a clot and added 
direct!} to the t> ping «enun 
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TECHNIQUE 

I. Grouping with Stock Sera (Figs 6—10) 

(i) The tile is warmed under the hot water tap to the extent 
of taking the chill off it, and dned 
( 11 ) The tile is marked with a grease pencil* ith the letters A, B 
(m) The serum from the corresponding capillary tubes is 
/ blown out on the tile to form a pool opposite each letter 
vx' (iv) Enough uhole blood to be typed — a Bmall drop or two 
loopfuls — is now added to each serum pool to produce 
a definite pink coloration If the colour is \ cry deep it is 
difficult to recognize the finer degrees of agglutination, and 
if the concentration of cells is too strong the agglutinins 
may be absorbed without producing agglutination 
(v) Tho cells and serum arc mixed with the platinum loop 
(\i) The tile, held in the hand, is rocked from side to side 
This aids agglutination and tends to break up rouleaux 
Agglutination will usually be obvious without tho hand 
lens and has the appearance of red pepper (brick dust) 
Characteristically the clumping is somewhat irregular as 
opposed to the even granularity of pseudo agglutination 
(vu) The mixture should be examined with the hand lens m a 
good light, if there is any difficulty with the interpretation 
As a rule agglutination appears earlier with the B serum, and 
the clumping is coarser as the alpha agglutinin usually has the 
higher titre High titre typing sera uill gne an accurate result 
within two minutes. If, for anj reason, there is stdl un- 
certainty at the end of this time, it will be much wiser 

1 To repeat the test rather than to prolong it, bearing in 
mind the possibility of pseudo and cold agglutination If 
uncertainty persists, the investigator should 

2 Chech the potency of the typing serum (a) by examining 
the date when it was put up, and (6) bj putting up the 
typing serum against known cells, for instance, the opera- 
tor's own cells 

3 If tho test is being done in a laboratory the grouping should 
be repeated, using stock cells of A and B groups 

4 If stock cells are not a\ affable — and they may not be m an 
emergency — a group 0 should be obtained and tho trans- 
fusion started. 






Tia 10 The t lo is 1 Id in the 1 and and rocked from s do to s do to completo 
the mixing of tl o cells ftnd serum Agglut nat on ms 1 le to the naked e> e is seen 
in pool B The colls being grouped belonged tlcreforo to a member of Uroi p V- 
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II. Regrouping 'with Stock Cells 

In grouping tho members of n transfusion stmeo it is 
imperative for the metliral ofiieer rcspoiiMble for the blood group 
determinations always to group the donors on enrolment with 
stock cells as well as w ith stock serum 

An additional safeguard will bo to ha\ o the groups confirmed 
by an tnd'pcnde.nt opinion 

Eacry laboratora in which frequent blood group determina- 
tions are heme made should have an a\ nibble supply of .A and 
B cells Such stock cells may be used for tw o purposes to cheek 
the potency of tho stock laboratory typing sera from tune to 
tunc and for blood grouping 

In tho mro cases of iwhaiduals with a low agglutinogen 
content gi\ mg n negatiio result with the stock ‘-era the propt r 
blood group will !>c repealed when such an India idual’a serum is 
put up against stock cells 

The test anil also gtao some idea of the potency of tho 
India idual s serum agglutinins 

The method 

\fter collecting into eitrnto tho stock cells should be aa ashed 
in liormnl saline, tho supernatant fluid being discarded and a 
saline suspension of approximatcla 10 per cent red cells made 
These cells should neaer lx> kept for more than six days The 
test is dont ha mixing the stork cells with tho unknown 
serum 


III Grouping when no Typing Scrum Is 
aaallnhle 

(a) (<mipftttblht\ tan he determined by cross itHUc/tiny the 
patient b serum and the donors cells— and omitting grouping 
altogether 

(M If the ina estimator knows his own group or that of any 
other person present who belongs to group A or It, it is possible 
to determine tho feme blood groups Tins may be done after 
separating the serum and cells of either an A or It and using 
them as standard reagents 
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SotRCES or Error 
TKtSF SFO\WE) 

Stock tjplng serum-ion titre 

Iho tvping serum mxj bo of fair litre either becnii_c it has 
become stale os a result of j rolougctl storage or because the 
on n mal titre wan never high enough The titre is aho inter 
fired with In contamination b\ the n«o of preservatives and 
In storage m warm places 

Hare ca*tx of falte ncgahcc reaction* 

(«} Cells having a low agglutinogen content when added to 
stock scrum ma> give a negative result Tins will he shown 
upnirn the grouj mg is repeated with the individual s serum 
and stock cells 

(/») A serum !m mg a low ngglutmm content as mav occur in 
infants during the first jear of life when added to stock cells 
tnav fail to show agglutination The agglutinogen factor js 
however normallv developed so that the reaction when re 
pcated w ith stock sera w ill show the group 

niAf rosrrrvrs 

Most errors arc due to inexperience thev include 
Pseudo-agglutination 

I his effect aha known as rouleaux formation — owing to the 
arrangement of the red cclis ui piles like coins — is not uncom 
rnonh seen t specially if the observations arc made with a 
microscope Mncro'-copu nllv it gives n^o to a homogeneous 
grnnularitv as oi»pOsed to the irregular clumping of true 
agglutination The condition is a conecn/ro/ion effect ami disap 
pears oh dilution with a drop of saline which jmmedntelv dis 
tmguwhes it from true agglutination fhc phenomenon w most 
often associated w ith serum w ithdruw n from j atients with a high 
temperature a state of affairs which often [ roduces an increase 
in the serum v iscositv — possiblj due to an increase in the scrum 
protein Pseudo agglutination is most rommonl) seen in the 
acute infections in pneumonia and in septicaemia It Ls not a 
contra indication to transfusion and does not Influence the 
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frequency of reactions Pseudo agglutination apparently runs 
parallel with the blood sedimentation rate 

Cold agglutination 

Tho phenomenon of cold agglutination is very much com 
moner than is generally supposed Besides the iso agglutinins 
which determine the four Landstciner blood groups there exist 
other agglutinins known as ‘cold’ agglutinins These agglu- 
tinins derive their name from the fact that they act only at low 
temperature When sera containing these agglutinins — and 
they are present in most normal sera — arc mixed w ith human 
red cells at low temperatures (0°-5° C ) agglutination of the red 
cells will occur irrespective of their group 

Also if such a serum w mixed w ith the red cells of the same 
individual from which it is derived and the mixture is nlloued 
to stand at ice box temperature (4° C ) the cells will be agglu 
tinated For this reason these cold agglutinins ha\ o also been 
called ‘auto agglutinins When the indiv ldual’s own cells are 
agglutinated by his own serum, it is termed auto agglutination, 
and when between serum and cells of different individuals, cold 
agglutination The active principle is absorbed by treatment 
with erythrocytes and js therefore of the nature of a truo 
agglutinin (Gardner, 1930) 

The reaction caused by auto agglutinins diminishes rapidly 
as the temperature is raided and is never demonstrable at body' 
temperature, in contra distinction to pseudo agglutination 
Agglutination may, however, occasionally occur at laboratory 
temperature, and it isthis tvpeof case which has drawn attention 
to the phenomenon Bialosuhnia and Hirszfcld (1923) have 
explained this irregularity by showing that the same serum may 
contain different cold agglutinins coming into action at different 
tcmpeiatures or possessing, as they express it, different ‘heat 
amplitudes’ In Dyke’s laboratory cold agglutination at room 
temperature lias only been observed in the case of blood taken 
from severely anaemic patients, but it is exactly’ m tins type of 
ease that blood transfusion is most urgently needed 

The practical application of this observation will come 
when cro=s testing the serum of such a subject with the cells 
of a prospective donor If it is remembered that it is in these 
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circumstances that cold agglutinins are most likely to acti- 
oning to e!e\ation of their heat amplitude enabling them to be 
active at room temperature — the blood of tv donor ninth might 
otherwise have been thought to ho incompatible mi$ bo used 
—an important consideration in an emergency 

1 lie incidcnetof tho reaction is nl^o said tobehigh in cirrhosis of 
thehwr but although it may lie accent on ted undcrccrtmn patho 
logical conditions it is not itself to bo regarded ns pathological 

Confirmation of cold agglutination. In cases where cold 
agglutination is suspected 

1 The test shout) be repented at 37° C nt winch temperature the 
[ I cnonu non does not occur 

2 The test al oulil bo repeated on n tile cooled under tho cold tap or 
at »co lx x teinpemliire when t)to reaction is intensified if col) 
aL.c'lutimm art present 

3 The test should be repented bj mixing tho indn i Inal a own w.nim 
mil oils nt low temperature Agglutination will oocur if cold 
agglutinins nro present 

'Jho significance of cold agglutinins and tbeir method of 
action js not clearly understood Certainly there is something 
more than onbnarj iso agglutination in these cases ns not onl) 
will such a strum agglutinate its own cells but also thoso of 
group O which normallj do not contain agglutinogen 

Tranxfution If t be presence of cold agglutination is confirmed 
the quest von arises as tow hat is tobc donew hen it comes to tram 
fusing Buch a ca«c If cold agglutination is to bo regarded ns n 
contra indication to transfusion then a number of unfortunate 
patients w ho exhibit this phenomenon w ill hay o to be left to their 
fate Since how c\ cr these indn idunls do not agglutinate their 
own cells at bo>ii/ temperature by analogy one may assume that 
they will not aggliitinati tliecellsoftbcdonor and soeoldaggln 
tinntion need not be regarded ns a contra indication to trnnsfu 
sum Hit incidence of reaction however is probablj greater 
when cold agglutinins are present (p 70} 

The use of the microscope 

It has nlreadj been pointed out that the u*<c of the micno«eoj>e 
in inexpert hands is a frequent cause of false positive results, as 
rouleaux formation is more ohv ions and is easilj mistaken far 
true agglutination 
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Waiting too long for result 

Another not infrequent cause of a false positive reaction is 
due to the observer’s inability to mike up his mind within a 
short time As has been mentioned elsewhere, the longer ono 
waits the more difficult it is to come to a decision owing to the 
concentration of the mixture and drying effects It i a always 
belter to repeal the lest rather than prolong it 

Sub-groups 

The cells from an individual with accessory agglutinins give a 
normal reaction with typing sera that is to say, ad\ entitious 
agglutinins do not interfere with the interpretation of the 
grouping test 

The serum of these individuals, however, when added to stock 
cells or in the cross match tests, will cause agglutination, but 
only if the correspondmg ad\ entitious agglutinogen is present 
in these cells — a nre coincidence 

In practice the important point to bear in mind is that these 
irregular reactions can be excluded by the simple expedient of 
cross matching before each transfusion 

SUMMARY 

1 Accurate giouping depends upon 

(i) The u«o of reliable reagents that is to say, high hire 
typing sera 

(u) The mixing of undiluted blood and undiluted serum 

(ill) Carrying out the test on a medium opal glass hie, 

which is easily warmed to body temperature and pro 
vides a suitable background — white and homogeneous — ■ 
to aid the interpretation 

(i\ ) A macroscopic method of interpreting the result 

(v) Establishing a time limit for the reaction 

2 Ideally tho potency of the tj ping serum should ho con 
finned on each occasion before use by putting it up with known 
A and B cells 

3 Whenever possible the grouping ns determined bj stock 
sera should bo confirmed bj regrouping with stock cells or bj 
an independent opinion 
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4 Sources of cnor are usually due either to 
(i) The use of impotent taping sera. 

(») Pscvdo-rigfjhihnaiHm a concentration effect which dis- 
appears on dilution with saline nml re examination of 
the fresh preparation without a cover-slip 
(in) Cold agglutination emitting to warm the tile so that 
agglutination in the cold mn) occur Tins disappears on 
warming the tile to body temperature and is accen- 
tuated l»j cooling of the tile It is confirmed by agglu- 
tination (m the cold) of the individual's own cells hj ins 
own scrum. 

(iv ) The use of the nucroscojw 

(\ ) Prolonging the decision of the result of the reaction 
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CHAPTER V 

THE DIRECT COMPATIBILITY TEST 
Definition. In tho Direct test, sometimes called Cross match- 
ing, Cross grouping, or Cross agglutination, the compatibility 
of the two bloods concerned is determined by putting up the 
patient’s agglutinins against the donor’s agglutinogens Tho 
basis for compatibility is tho agglutination reaction and not the 
haemoly tic reaction since it has been obser\ cd that when in 
compatibility is present agglutination precedes haemolysis 
Tho test is made by mixing the patient’s serum and the donor's 
cells on a glass slide or tile Dyke of Wolverhampton (10*18) 
believes the test to be so important that he says ‘preliminary 
knowledge of the blood groups of the Donor and Recipient is 
not necessary, w hat is essential is evidence that the scrum of the 
Recipient be incapable of agglutinating the red cells of the Donor’ 
Tlie serum of the patient rather than that of the donor is 
taken, since in nvo it will be the agglutinins in this serum which 
will be quantitatively the most numerous and in titre the most 
potent They will therefore dominate the direction in which a 
reaction if it occurs wail tend to go 

The Importance or the Direct Test 
The direct test should be observed whenever possible since 
it will expose 

1. Grouping Mistakes 

In cases of incorrect grouping of donor or recipient the 
mistake will be revealed In this respect the direct test acts as a 
check on the potency of tho typing «=crnm, and as a control upon 
the original interpretation of the grouping 

2. Intra-group incompatibility. 

Two individuals, although they may be of the same group, 
are not necessarily compatible When incompatibility occurs 
between bloods of the same group, it is due either to the inter- 
action of sub groups or, rarely , after multiple transfusions, to the 
formation of additional agglutinins These are contingencies 
which the determination of compatibility by grouping alone 
would fail to unmask 
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More donors aro rejected as incompatible from group A 
than from am other, owing to the presence of sub groups — 
and for the same reason a higher percentage of reactions 
occur w ith this group than with Any other The same con 
dit ions hold for group AB, which is aL-o diu-ible into sub 
group.> but owing to the rente of this group the occasions 
for transfusions are very infrequent 

3 Telephone Mistakes 

Mistakes may occur in the following circumstances 

(i) Jteqned for the irrony group If the donor has Iks n sum 
mtmed by mine one other than the mdti tdual re*j>on*ible for 
the blood grouping forcxample by a telephone o|*eratar,« 
nurse or another doctor In these circumstances mistakes 
in transmitting the message sometimes occur 

If know ledge of the group of the patient depends upon 
<i rtrl 0 / message from a third or (fourth) j> irty not respon 
sible for tlie groupings for instance 1 had experience of a 
cave recent 1\ in whu h the patient a medical attendant oh 
tamed a pathologist to do the grouping 1 lie pathologist 
in due courve reported the blood group to the doctor who 
then asked a aurgion over tin telephone to do the tran*. 
fusion naming the patient h group A donor of tins group 
was obtained hut n crovi, test showed obt ious inconi 
patibihti the donor and recipient being of different 
groiifw 

(ii) \l%xuty of donor* Jvot infrequently more than one donor 
ma\ lie attending tlie same hospital at tlie same time and 
it lias hnppencd that they lm\e been mi set! 

4 If the donor and recipient ha\e licen gniujxd by different 
indntdmih i c using ehfferent taping som and technique 

r * Jf the patient is in a state of eidiancal anaemia Ik cause 
m such circumstances ci cry precaution must Ik taken tom cud 
n reaction 1 he greater tlie nnacinin the more important is the 
question of ide il compatibility 

The ret fMc eroe* tent 

The agglutinins m the scrum of the donor might Ik* exjwctcd 
to react with the rci ipient « corpuscles How is a then that any 
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transfusion is safe without this test being made as well ? The 
reason is that m same group transfusions in which the m erage 
transfusion is 500 c e which amounts to one tenth of the total 
blood volume the incoming serum is so diluted (ten times) that 
these agglutinins are rendered ineffective and so may be ignored 
This does not apply when the donor is of a different group (see 
p 45) 

Frequency of the direct test 

It is difficult to estimate how often the direct test is employ ed 
in this country In an attempt to find this out ten of the more 
experienced members of the London Blood Transfusion Sen ice 
were questioned Ihey had given 303 transfusions between 
them i e an average of approximately 30 each Their general 
impression w as that cross matching w as only performed m about 
one third of transfusions In certain continental countries 
and some of the States of America it is omitted altogether 
Elsew here it is done in about the same proportion of transfusions 
as in Great Britain 

In no circumstances cm the direct mixing of a drop of whole 
(or citrated) l lood obtained from the donor and from the 
recipient be regarded as an adequate test for compatibihty In 
this way no account is tal en of the dilution of the serum or of 
the concentration of the cells ( C ardner I03G) 

THE COLLECTION OF THE PATIENT S SERUM 

The patient s serum is most conveniently collected at tl c same 
time as he is grouped By using a hypodermic Bynuge and 
needle enough Wood can be collected in a single venepuncture 
for both testB 

If the serum is collected by pricking the lobe of the ear or the 
finger apart from the extra prick it often happens that only a 
minute quantity is produced from winch it is difficult to 
obtain even a loopful of serum the intravenous method is 
quicker and altogether more practical 

If the blood sample can be left for twenty minutes — pre 
fernbly in a warm place sncli as a pocket— a sufficient yield of 
serum will be obtained and in tho meantime other details con 
nectcd with tho transfusion may be attended to 
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1 10 12 Vnim f >r tbr flirrct «<nt li> a liV|«b nw l »'-*■ nniM ftum« \w» 
(In ' 1 do p m « Jfifiwl n lo null •'■rum j»»>! f r ijif Idoml pimp il (cmmui' 
lion thomnnuil r i« «*nij (*i*l mt< a «mn!t dry t<-*t tnlrf* Tliui Id x»l c) >t« An ) 
MpiM«p| ft Hear rnun 

It will ho found thnt the scrum of nnnciinc cases separate* 
most rapidly 

Tlie serum should not lie left m contact » it b the clot for 
more tlmn t«cnt\ four hours 
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No centrifuging 

To accelerate the separation it has been suggested that a 
portable hand centrifuge should be used Apart from its 
clumsiness it is not always satisfactory to centrifuge the blood 
immediately after its withdrawal Serum rapidly separated is 
often not fluid but clotted — due to retained fibrinogen 

Multiple transfusions 

Indi\ iduals who are to receive more than one transfusion 
must he re cross matched with freshly collected recipient serum 
before each transfusion At the time of the second or third 
transfusion it is useless to cross match with serum collected 
from the patient before the first transfusion and stored for 
subsequent use 

Serum collected for the cross match test should be kept for 
twenty four hours — in case there is a reaction following the 
transfusion — but after that it is of no use and should be dis 
carded 

TECHNIQUE OF THE DIRECT TEST 

Procedure 

The opal glass tile is used and warmed first as when grouping 
A few drops of the patient s serum are now r put on tho slide and 
enough of the donors blood is added — usually two loopfuls 
will be enough — to produce a strong pink coloration and the 
two arc thoroughly mixed The tile is rocked from side to side 
and if compatible no change will take place Incompatibility 
will show ns agglutination 

How long to wait for a result Very wide differences of 
opinion have been expressed on this matter and cases have been 
quoted of agglutination reactions which have only been detected 
after prolonging the cross test for several hours One cannot 
help thinking that some at least of theso may ha\ e been cases of 
wrong grouping and that the time would have been better spent 
m checking the titre of the typing serum or regrouping the 
participants 

In practice it is unwise to wait longer than two minutes 
After this drying effects around the edges confuse tho issue and 
concentration in the centre produces pseudo agglutination 
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If at tlie end of two minutes there w no evidence of ngglu 
timtion the bloods are for nil practical purposes compatible 
An agglutinin of a titre high enough to do am harm mill bring 
about agglutination m less than this tune 

If definite agglutination occurs then there is incompatilnhU , 
and the donor must he rejected and the grouping repeated 
If uncertainty ovists at the end of two minutes it will ho 
better to re} tat the te*t rather than prolong it hearing »/i tmntl 
pseudo agglutination (p 14) and agglutination in the cold (p 31) 
Fvcn after this one may occasionnlh lo undecided the 
lUgcncv of the case mill direct one t. line of action It may be 
com ement to rejei t the donor and obtain another if this can lie 
done at short notice or it ma\ be quicker to regroup both donor 
and recipient and rch on these findings If there is any rva«on 
to doubt the potency of tlie tv ping serum used for the grouping 
this should he checked by putting it up with known A and J1 
tells If these ore not mailable and the donor a group or the 
operators own group is known with certainty tlieir cells can 
be used instead unless both happen to belong to group 0 
Ittlsc positives 

Jar and awa\ the commonest cause of apparent mcompati 
hditv is p fcudo-agjlutinntion followed mxt in frequency by col l 
agglutination The former disappears on addition of a drop of 
silmo the latter on wanning the tile 

True positives 

Iheso are rare and are due either to incorrect groupings or the 
presence of sub groups Incompatibility due to the presence of 
sub groups most commonly occurs J«?twecn individuals belong 
mg to group A buch sub group n actions are peculiar to the 
two individuals concerned lhcv arc probably less than 1 m 
1 0 000 transfusions 

The value of the test when no typing scrum Is available 
In nn cnurguicv if no typing serum is uvniliblc the onlv 
rapid wav ofdetcnmmng the suitability of a donor w ill bo l»v the 
direct cross test If this is pjiti factory it will b* »afi to une tlie 
vlmor though U will be ww to give the injvction flmsly to !«• 
on tlie safe «ulc 
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THr REVERSE GROSS MATCHING TEST 
In the reverse cross test the donor s serum and the patient s 
cells are mixed Considerable controversy his arisen as to the 
ad\ usability of doing this test as well as the direct cross test as a 
routine before each transfusion It is generally unnecessary m 
this connexion The argument is that in incorrect grouping 
may not bo detected by the direct cross test if the agglutinins 
of the patient are present m his serum in Ion titre It is said 
quite reasonably that if the test is rev ersed the error mil almost 
certainly be exposed 

But this is attaching the problem from the wrong angle 
Instead of elaborating an additional test to expose a w eakness 
in two preliminary tests (the grouping and direct cross test) it 
would bo better from the beginning to teach the importance of 
employing high titre testing serum and of regrouping with 
stock cells than of how to expose the mistakes due to stale or 
weak sera If one is to regard a recipient s 6erum with a low 
titre of agglutinins as a danger then the value of the ordinary 
cross test is immediately challenged and the commonly per 
formed emergency compatibility test betw een a patient and a 
relative would have to be rejected Since tins is frequently 
performed and no fatal cases can be traced to this method of 
deciding compatibility it may bo regarded as reliable Fur 
thermorc if the agglutinins are not present m high enough titre 
to cause agglutination in the direct cross test it 13 highly 1 m 
probable that they will cause any reaction when the actual trana 
fusion is given even though the blood be of a different group 
Transfusion is still mainly an emergency procedure anil to 
introduce another control as well as the direct cross test is going 
to overburden the transfuser and add a test of limited value 
which is quite impracticable in the average case 

The reverse cross matching test %n transfusion of the 
Une cereal Recipient {group AB) front ike so railed Universal 
Donor 

From a practical point of view the only occasion on which 
double cross matching need be practised is when there is a possi 
bility of a double reactioji between two agglutinins and two 
agglutinogens These conditions only exist when a group AB is 
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re«miM7«srrDM/>0(eontainingaand/?ngglutimns){I , ig ! 3 ) Tins 
is the mo'll dangerouscombination possible, and astvcro reaction 
cm occur cv cn if the incoming agglutinins arc of coropnrntiv el> 
Sow titrc, due jircsutnabU to a cumulation effect of the double 
reaction 

111 including the reverse cross test in these circuni stances an 
indication of the litre of the incoming agglutinins tan lie 
obtained 

The test will nntumlli produce agglutination between the 
agglutinins (alpha and beta) in the um\ er*al donors serum 

0 and the A. and 11 agglutinogens 
in the recipient s cells but the 
degree of clumping produced 
vanes with the litre of the donor a 
agglutinins A high titre 0 will 
produce rapid and extensive clumping a low titre O a slower 
and fnu r clumping 



a ft All 

lt« IS 


SUMMARY 

1 liie direct test should nlwav* In' carried out unless there 
is some good reason for omitting it such as great urgency 
It is not safe to onut the test as a routine because 
(n) Mistakes in grouping or in providing a donor of the re 
quired group will otherwise go undetected 
(<*) Individuals even though of the same group, maj bo 
incompatible (sub group reaction) 

- b Dough blood should Ik: collected for the grouping and 
cresR agglutination lest at the same v rut Tins is last dono bv 
intravenous puncture 

T If the serum is refpiired in a hum it will heparnto more 
rpncklv 1*3 having the blood so obtained to clot mtlicr than 
centrifuging lmmediatclv after collection 
4 The tost should Ik: performed ns when grouping, upon a 
warmed opal glass tile using whole Mood and undiluted serum, 
mid observ mg w ith a hand leas for not longer than two minutes 
'> If there M doubt about interpreting tlw result of tlie cross 
mnt< lung it will be well to I*ear in mind the possibditv of 
pseudo agglutination agglutination in the cold, and true incoin 
put dub tv Tiif first two points will lw> cleared respect mU bv 
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dilution and by w arming If true incompatibility is suspected, 
\\ rong groupmg or a sub group reaction is probably the explana- 
tion If the former is the more likely, the patient and donor 
should be regrouped, but the potency of the typing serum 
Bhouhl be confirmed first If a sub group reaction is the more 
probable the donor should be rejected and another obtained 

6 The commonest cause of apparent incompatibility is 
pseudo agglutination 

The commonest cause of true incompatibility is erroneous 
primary grouping , and not a sub group reaction 

7 The value of the test when no typing serum is available is 
pointed out 

8 Reverse cross matching is advised in transfusions of group O 
blood to universal recipients, because of the danger of a double 
reaction 
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CHAPTER VI 

T11E UNIVERSAL DONOR 

THE An USE OF THE UNIVERSAL DONOR 
The indiscriminate use of members of group 0 as universal 
donors nnv l»e challenged m two directions namely in the 
danger to the recipient and its danger to the organization of a 
sen ice 

THE HIGH TITRE OR DANGEROUS UNIVERSAL DONOR 
There is still a considerable difference of opinion ns to the 
margin of eafetj present when employing a group 0 as ft 
linn crsal donor In England and some other countries the me of 
this group for administration to groups other than its own is 
regarded as unsafe and only justifiable in emergency states. 

In certain European countries, on the other hand, it is the 
practice to enrol ns members of a service mdii iduals belonging 
to group O only 

In Trance, w here group 0 donors are almost exclusively lists!, 
I inquired the group of the recipient at a transfusion and was 
nnswerw), 'We do not know the patient's group, therefore we 
cannot give him the wrong group’ The teaching was that 
desire for knowledge of the recipient’s blood group was a form 
of dangerous curiosity, and furthermore unm*ccs*-nrj 
’Hie argument in that countiy in fn\our of the general use 
of the universal donor was upheld on the following grounds. 
T trail} , that it was in fait a more rational procedure in % lew of 
our present incomplete knowledge of the sub groups, secondlv 
that bj omitting the grouping of the recipient, the possibility of 
mistaken grouping in anj given transfusion is immediately 
reduced b\ half Tins omission was justified hi the claim that 
in their pnutice the universal donor could be snfoh u-ed for nil 
recipients wlio were not gravely anaemic 
In addition, the method had the advantage that U w ns quicker 
because the recipient did not require grouping, that it was safer 
in the liauds of the mexjtoneuecd liecauso the donor supplied 
by the transfusion centre was always a certain group O, and 
that it simplified the organization because only one group hnd to 
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be recruited, and that the group tv Inch was present amongst the 
population and therefore the applicants in the highest proportion 

This point of view is certain]} an interesting one and if the 
safety of the universal donor was an established clinical fact the 
advantages would appear to outweigh any theoretical objec 
tions From the point of view of a voluntary service however, 
the use of universal donors only would put such a strain upon 
this group that e\en in the largest cities the demand would 
almost certainly exceed the supply if tlio present frequency of 
service (four times a year) was to be maintained In professional 
semccs presumably this difficulty does not arise as donors 
serve as often as once a month 

It is only fair to note that no fatality has occurred m the 
experience of the Transfusion Sanguine D Urgence in Paris 
which supphes universal donors for G 000 transfusions a year 
and of Brines (1030) m America (Detroit) who quotes 4 000 
transfusions mostly with universal donors without a fatality 

Coca of the Transfusion Betterment Association in New York 
(the Bureau for the supply of professional donors to New York 
City) reports 418 transfusions by universal donors to patients 
of other groups between 1931 and 1937 without a fatality The 
av erigo volume transfusion given in this group of transfusions 
was 600 c c hut the iso agglutinating potency of the donors 
used had been estimated and no high titre group O s were used 
(Coca 1938) 

It must bo mentioned that almost all the transfusions in 
the first two scries — Pans and Detroit— were -of whole blood 
obtained from professional donors and given by the direct 
method This combination of circumstances usually means that 
not more than 300-400 c c is given (partly because more blood 
means moro money and partly because technical difficulties 
may put an end to the injection) Now it is well known that 
death from the transfusion of incompatible blood rarely occurs 
when less than 300 c c is transfused Hie comparatively srnaM 
amount of blood transfused may thus be the explanation of the 
al sence of fatalities in this particular scries of eases In spite 
of these figures it was the opinion of the International Congress 
at Pans in 1037 that the indiscriminate use of the universal 
donor uxu dangerous The reasons for making this statement 
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tv ill now be considered and it will !>e scon thnt the} arc pnrtlv 
upheld b} a Etud^ of the quant itativc serological factor* involved 
and jKvrtK b\ the results of clinical experience 

The Recipient in relation to Donors v\ ith sera of hlfclt litre 
The teaching that the incoming «eruni is so diluted h\ tho 
blood of the recipient that the agglutinins in this scrum arc 
rendered inactive can onlv safcl} be applied to transfusions in 
which both jnrhcipanta are of the name group from titration 
of sera it is known that nn agglutinin u\a\ lx? active in a 
diluti m of 1 400 vet no such comparable dilution takes place 
when a high titro serum is introduced into tho blood stream 
When an antagonistic agglutinin is introduced eg when 
using group O as a universal donor to some group other than 
its own or when transfusing a group AB w ith some group other 
than its own and particular!} when tuv such agglutinins are 
psvMMit in the incoming scrum (and if in addition the} are of 
high litre) the dilution inav not Iks ncnrli suflicient to rtnder 
both of tiiem impotent (This is whj identical group trails 
fusions are always advised ) In such circumstances inter 
action hitween the donor 8 scrum and patient « colls will occur 
Such conditions are | resent if group 0 (I\ ) containing alpha 
and beta agg!utmm« is used as the univ crval donor to nnv group 
other than its own that is to sa> \Il (l) A (II) or U (III) 
particular!! if m such a ease the incoming donor a serum is of 
ln 0 h litre 

‘Universal’ donor to group AB 

If we consider tho different blood groups it is clear that f/r 
tnoti dangtrou * tel of are urn At a nee* will be present when both the 

@ nljha and beta agglutinins of a 
group O donor an oflugh titrennd 
tho blood is given to a group AB 
with well marked A and 11 ogglu 
tinogen factors In such a cost the 
dilution of the incoming scrum maj onlv 1* slight and a severe 
rrictionnm take place 

1 he practical outcome of this is that if an \Beami«>tbt found 
for an AB it is safer to transfuse with an A or a It— ui which 
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case onlj one incompatible agglutinin is introduced — except m 
tho unusual circumstances of a known low titre 0 being avail 
able as tho donor 

Probably the reason why disasters are not more commonly 
reported is bccauso of the ranty of transfusions to group AB 
patients who form such a small proportion of the population 
It has been advised elsewhere (cross matching) that when an 
AB is to be transfused by an 0, the reverse cross test should lie 
employed 

An example of a severe haemolytic reaction following the use 
of a ‘Universal’ donor to a group AB recipient is reported by 
DeGovun (1D37) 

A woman aged 25 dev eloped post partum fe\ er following a medical 
induction of labour It was decided to give a blood transfusion Tho 
patient wna found to belong to group AB No donors of tins typo were 
available at the time bo her blood was cross matched with that of a 
group O donor No agglutination or haemolysis occurred in tho mixture 
Of tho donors corpuscles and tho recipients scrum but tho donors 
bcnim seemed to produco prompt agglutination and haemolysis of tho 
recipient s cells In spite of this reaction the patient was transfused with 
citrated blood by a gravity method Wien 125 cc of blood had been 
gi\ on the pat it nt complained of a feeling of constriction in the chest and 
hovere shortness of breath Tho administration of blood was promptly 
discontinue <1 She becumo intensely cyanotic and dyspnouc A rigor 
occurred and tho temperature rose to 10(» 2° F , this pulse rato was 140 
and tho respiratory rato 44 per minute Two hours after tho transfusion 
the recipients blood serum was found to bo tinged with haemoglobin 
and the Van den Bergh reaction ga\o a bipbnsic response Thero was 
no hnemoglobmuria or oliguria The symptoms persisted only a few 
hours and by tho next day sho felt well 

Investigation Tlio donor 8 blood was retyped and found to belong to 
group 0 The recipient s blood was also retyped and established as group 
AB On titrating tlio donors scram tho alpha agglutinin was potent 
in a dilution of 1 in 80 and the beta agglutinin in a dilution of 1 in 12 

'Universal' donor to group A. 

If ft group 0 vitb a high litre alpha ngglutmm — the more 
usual finding — is given to a group A interaction may occur 
botween the alpha agglutinin and tho agglutinogen factor A 
present in tho cells of this group Whereas such a group O vv ill 
be unsafe to giv o to a group A, it will probably not cause a 
reaction if given to a B 
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'Universal’ donor to group B. 

Tho same argument holds good for a group 0 with a high 
titre 0 agglutinin which can safely be given to a group A but 
not to a B In practice, however, the litre of the O is rarely 
known so that it wall not be possible w ith a gn en group A or B 
recipient to say \\ hether it w ill be safe to use it It is better 
therefore to av oid the combination if possible 
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Fig 14 (Riddell and Hnruooil) 


Tlie more anaemic the patient, the fewer will be the number 
of the circulating erj throcytcs All the more serious then will 
bo the result of the destruction of any of these cells, should a 
reaction occur since the quantitative reduction of cry throcy tes 
will he proportionately greater than m a less anaemic person 
and will add to the ill effects of tho hacmoly sis 
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Vai Hilton of agglutinin tilre 

In order to show that a variation exists between 
( 1 ) the titre of the alpha and the beta agglutinins present 
in any gnen group 0, 

(u) the titre of the alpha agglutinins in different members of 

group 0, 

(in) the titre of the beta agglutinins m different members of 
group O, 

a senes of members of group 0 were obtamed by grouping and 
then double titrations were earned out The results may be 
seen m the accompanying chart (Tig 14) It will be seen that 
(i) the titre of the alpha or beta agglutinin or both may be 
\ery high, 

(n) the titre of the alpha agglutinin is more often the higher 
of the two 

Similar observations have been recorded by Brewer (1937) 
and Kettel (1930) 

The practical outcome of these observations is that group 
0 donors 

(l) in whom both alpha and beta agglutinins are present m 
low titre should bo reserved for emergency calls to any 
group and may be regarded as safe universal donors 
(u) m whom both alpha and beta agglutinins arc present 
in high titre should be reser\ed for members of their owti 
blood group and should be regarded as ‘dangerous' 
umv ersal donors Coca found the incidence of dangerous 
universal donors to be 3 per cent in 350 prospective 
group 0 donors (Coca 1931) 

(ui) in whom only the alpha agglutinin is present in high 
titre should be regarded as dangerous for group A and 
AB, but ‘safe’ for groups B and O 
(iv) in whom only the beta agglutinin is present m high titre 
can be gi\ en with safety to group A as w ell as group O, 
but should be a\ oided when transfusing to group B or AB 

II THE DISORGANIZATION OF A BLOOD 
TRANSFUSION SERVICE 

E\cn if the ideal measures just discussed can bo earned out, 
and they aro not necessarily councils of perfection, there is y ct 
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another aspect of the indiscriminate use of the an» cr&al donor 
Tins is the effect such an unequal demand has upon the efficient 
running of a transfusion service It has been seen (Organtza 
tion) that from this point of view , the disprajwtivtiatc calling up 
of donors results in the oveni orking of one section of a service 
and the under employment of the remamder 

Inquiry into the cause of disorganization of a service 
When holding an inquiry into the cause of disorganization of 
a transfusion service the first point to determine will be to find 
if the fault lies w ith the hospital or the sen ice The former may 
bo demanding an cxcessn e number of group O s or tho service 
tnny bo supplying group O a even w hen they are not being asked 
for them The latter may occur in a la\ Ben ice if members of 
the correct group arc not easily available and can be remedied 
by insisting on donors being called m strict rotation 
In connexion with the excessive demand for Group O’s the 
first line of investigation will be to seo if a long run of calls for 
tins group can be traced to any particular hospital On inquiring 
at such an institution the usual explanations given m their order 
of frequency arc that there was no time to do the grouping that 
there was no pathologist available or that there was no scrum 
With regard to the question of insufficient time although this 
may be true of a few exceptional cases it cannot be ipphed to 
the majority in which a j osaiblo blood transfusion can usually be 
anticipated and the grouping doneon admission It is more often 
than not another way of saying that the eventuality had not 
been thought about or that a chance was taken know mg that a 
serv ice donor could bo obtained at the last moment if necessary 
Refusal to supply the universal donor if grouping has not 
been done is the prerogative of a voluntary service in these 
circumstances Tins measure had to be instituted in London in 
1929 when a crisis was reached m the demand for the unn ersal 
donor The effects of this ruling hav e been far reaching so that 
the present demands for the universal donor are little m excess 
of the normal percentage of the population prov ing tho con 
tention that the umv ersnl donor w as prev ion sly being demanded 
unnecessanlv (Tig 1*5) 

With regard to a pathologist a voluntary organization in 
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view of the increase in frequency of blood transfusion and its 
own gratuitous services, has a right to expect that some member 
of the resident staff even in the smallest hospital shall be familiar 
vt ith the technique of grouping 

In connexion with the possession of stock typing sera, the 
BLOOD TRANSFUSION IN THE CONDON AREA 1928 - 1938 



cost of this in Great Britain before 1935 was so high that 
many of the smaller institutions could not afford to pur- 
chase it, and the natural outcome of this was to ask for a uni- 
versal donor Since, however, the cost has recently been very 
much lowered, this demand is no longer excusable. 

Occasionally it is found that none of these rules is being 
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transgressed and some difficult} is found in explaining the 
position, the hospital authorities firm!} asserting that grouping 
is being conscientiously carried out on each patient In such a 
ca**e it will be well to suggest that the potency of the typing sera 
used be investigated On several occasions it has happened that 
hospitals have been using impotent typing serum not neees 
saniy because of prolonged storage, but sometimes due to a Ion 
initial titre which has rapidl} worn off In these cases the 
patients were all being grouped ns 0 s as the type testing serum 
had lost its agglutinating power 

SUMMARl 

Donor 

1 The indiscriminate use of group O s as unn crsal donors is 
dangerous 

2 In a real emergency it is justifiable to use the universal 
donor for am group A severe reaction may occur, but a 
fatality is unlikely 

3 If the transfusion is ltss urgent and there is time to 
obtain a donor the corresponding group should always bo 
given 

1 If this is not possible and a universal donor onK is avail 
able it will be relatively safe to proceed after the usual cross 
matching test with a recipient of group A (II) B (III) (and of 
cour-e O (IS )— the same group) because only one incompatible 
agglutinin is being introduced 

r > If the recipient is group AB (I) (3 per cent ), how c\ er, the 
me of a group O donor should be avoided if it is at all possible, 
Ow ing to the risk of a double reaction 

t> IF the use of an O for a group AB recipient is unav oidablo, 
it will lie w ise to mix the recipient’s cells and the donor’s serum 
first (reversed ert^s matching) 

7 In transfusing a donor of group 0 to the different blood 
groups the order of safety will be 

loa recipient of group O (safest) 

, , of , B 

, , of A 

, „ of „ \B (most un°aft) 

8 It is suggested that the infrequency of fatalities following 
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the use of group 0 os the tumors'll donor in whole bli 
transfusions is duo to the coraparatn ely small volume of bl<Lar" 
transfused The number of severe reactions has never been 
reported 

9 In transfusing a recipient of group AB — the choice of 
donors m their order of safctj w ill bo 

Prom a donor of group AB (safest) 


, „ A 

„ „ B 

• „ , 0 (most unsafe) 

B is placed after A, as the alpha ngglutmin present m group 
B is more often of higher titre than the beta agglutinin present 
in group A 


Organization 

10 It is suggested tint a \ oluntary as opposed to a pro 
fessionnl service would have great difficulty m maintaining a 
panel of group 0 donors only, largo enough to meet the average 
demand 

11 Ideally all group 0 recruits should lnve their sera 
titrated and those m whom both alpha and beta agglutinins are 
of low titre should be reserved for answering emergency calls 
and indexed «icparatelj, the remainder to be used for trans 
fusions to members of their own group (0) 

12 If tho term ‘unncrsal donor is to bo retained it should 
be applied onlj to those individuals in whom the alpha and beta 
agglutinins arc known by titration to bo present in low con 
centration 

13 Excessive use of the group O donors will disorganize a 
sen ice and destroy its fundamental ‘emergency character 

14 Over use of the mmersal donor can be avoided by 

(l) Tho hospital authorities w ho should teach and encourage 
anticipatory grouping and should ensure familiantj w ith 
the technique of grouping among the resident staff 

(u) The Central Office of the service, by refusing calls for 
universal donors unless satisfied that the case is one of 
true emergency, and by calling up donors in strict rotation 

(m) Institutions and commercial houses placing typing sera 
on the market at as low a cost as possible 
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CHAPTER VII 

THE PHYSIOLOGY OF THE BLOOD GROUPS 
THE QUESTION Or NOMENCLATURE 
Karl Lands tei> er in 1 901 , w hile n orking in Vienna, published 
hw discovery of three blood groups, naming them A, B, and C 
Landstemer at this tune found no case m which the agglutinins 
were both absent and the agglutinogens both present A year 
later (1902) von Decastello and Sturli, the latter a pupil of 
Landstemer, discovered the fourth and rarest group (group I 
Moss and AB International) In 1907 this work was corro 
borated by Jan Jansky, who suggested a classification, but 
unfortunately published Ins article in an obscure Czech 
journal (the only copy of which in this country is m the Uni- 
versity Library at Cambndgo) In 1010, W L Moss of Johns 
Hopkins Hospital, Baltimore, described his own confirmation 
of the existence of the four blood groups and suggested an 
alternative nomenclature Moss w as unaw are of Jansky’s paper 
until after he had completed his own research Owing to the 
wide publicity given to Moss’s work his suggested classification 
became the more generally used 
The two notations chosen by the respective workers differed 
in that the numbering of groups 1 and 4 was reversed the other 
groups remained the same, bo that group 1 Jansky corre 
sponded to group 4 Moss and group 4 Jansky corresponded 
to group 1 Moss 

It is not surprising that some confusion resulted from this, 
both in the practice of blood transfusion and m the literature 
In order to obtain uniformity of nomenclature the matter was 
discussed before the Public Health Committee of the League 
of Nations by the Commission for Standardization of Sera 
It was there suggested that the four blood groups should be 
renamed by lettering so ns to give some scientific information 
about the blood group to winch each was appended It was sug- 
gested that these letters should be used to indicate the agglu 
tinogen content of the cells of each group The classification 
on the basis of the agglutinogens was chosen because the agglu- 
tinogen is the dominant hereditary factor This classification 
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and the corresponding numbering of tho Moss and Janska 
grouping are compared in the following table 

jcui2>k\ n ~n f ui j i 

Moss I n HI iv 

International AB ABO 

In the course of trav elhng the general impression was that the 
International Nomenclature w as gaining ground partieuhilj 
in Furope On the other hand in New York at the central 
offices of the transfnsion bureau it \v as noticed that tho tele 
phone opeiators first question on receiving a call for a. donor 
was Moss or Jansky ’ In 1920 it was computed that about 
80 per cent of hospitals in the USA were using the Moss 
plan 

In England the International Nomenclature is gradually being 
adopted It is tho official nomenclature o! the l<ondon Irani, 
fusion Sen ice which serves some 400 hospitals 

It is possible that a more widespread use of the international 
lettering could be obtained if the central bureaux of the 
•various Organizations were to insist upon its use by hospitals 
when telephoning for a donor 

It is to he hoped that tho Moss and Jansky notations will 
gradually disappear from scientific publications wherever el»o 
the} maj be used 

buinmnry It is suggested that the International nomencla 
ture should be generally adopted because 

(i) I'roni a scientific point of view it is more rational 
(u) I coin a clinical point of view it is safer 
(in) I rom a terminological point of view it is simpler 

THE PHYSIOLOGY OF TIIE BLOOD GROUPS 
The phy siology of the blood groups arose from observations 
by Londsteincr that the cells of one person were frequently 
agglutinated by the sera of others Tins phenomenon did not 
occur at random hut appeared to divide the small series he 
examined into three groups observations on a larger number 
established tho existence of an additional group lo account 
for these observations Landsteiner postulated the presence of 
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agglutinins m the serum reacting with specific agglutinogens in 
the cells This supposition was confirmed by absorption expen 
incuts which showed that tho active principles were true 
agglutinins, that they were truly specific to the corresponding 
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agglutinogens, and that apparently agglutinin and agglutinogen 
could not occur in the same blood The separate identification 
and isolation of these groups came later (rig 16 ) 

For practical purposes tho existence of two agglutinogens and 
two agglutinins is enough to account for all the phenomena of 
liaemagglutmation It is evident, however, that the possible 
combinations of these four factors is by no means limitod to 
the formation of four groups Sixteen mathematical possibilities 
are in fact possible, and after subtracting biological impossibih 
ties — namely the coexistenco of homologous agglutinins and 
ngghrtinogens — there remain nine possible combinations' Of 
these the four Landstemer groups are the most commonly 
found tho remaining possibilities are occasionally met With 
They are usually present as defective blood groups, that is to 
say either the agglutinin or the agglutinogen factor is missing 
Thus an individual may possess A cells hut no agglutinin — 
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A o — or O cells and onl> one agglutmm— 0 £ (Whitbj and 
Britton 1937) 

The interaction between the scrum and cells of each of the 
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four groups is seen m the above table (1 ig 1") To imho 
tl c tnl le of more practical interest the serum maj 1 e regarded 
ns a recipient s and the cells os a donor h since from a tram 
fusion point of vic« this is the important interrcaction 
D agm n int cath tl ls table maj lx? rej r •sent si as follows 
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THE PHYSIOLOGY OF THE BLOOD GROUPS 
From tli© table and diagram it is seen that 
A Rrcirwsr of group AB can receive blood from all 4. group? and 
for tins reason is called the universal re 
cipient 

t it A can receive blood from his own group and 

from group O » 

„ „ B can receive blood from lus own group and 

from group O 

„ „ O can receiv o blood from his own group only , 

and that 

A Dos os of group All can give blood onlj to his own group , 

, A can give blood only to Ins own group and 
group AB , 

«• „ B can give blood only to lus own group and 

group AB , 

„ „ O can give blood to nil four groups and is there 

fore called the universal donor 

It is clear that the foregoing conditions take no account of the 
possible agglutination of the recipient’s corpuscles by the donor’s 
eerutn Yet if the donor’s serum is of high titre, the dilution it 
undergoes may not be sufficient to render its contained agglu 
tmins inactixe, and an agglutination reaction may occur This 
is most probable when a group 0 donor is used for a group AB 
recipient (p *>0) 

If Fig 17 is reconstructed and the incoming scrum agglu 
tinins assumed to be of high titre, it will be found that only 
identical group transfusions are absolutely compatible 

The reason why these reactions do not always take place is 
because the incoming serum, if it is of low titre, is so diluted by 
that of the recipient that it is no longer capable of causing 
agglutination In practice, however, wc do not usually know 
the agglutinin titre of the donor’s serum so that when possible 
it is safest to use a donor of the same group as the recipient (see 
the dangerous universal donor) 

Blood grouping. 

From Figs II and 17 it wall be realized that the blood 
group of an individual can be determined by mixing the 
unknown corpuscles to be typed with sera of groups A (II) 
and B (III) 
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From these tables it will lie teen that if the unknown cor- 
puscles are agglutinated by 

Both A and B sera, the individual belongs to groop AB 
A serum but not by B serum, the individual belongs to group B 
B „ „ A serum, „ „ >. A 

Neither A nor B serum, „ „ „ 0 


TIIE TATE OF TRANSFUSED BLOOD 
It is of some importance to know how long the effect of a 
transfusion can be expected to last for red corpuscles aie not 
immortal Theoretical calculations of this time based on observa- 
tions on normal individuals must necessarily be unreliable as 
they take no account of the response of the host to the transfused 
blood, nor docs it follow that conditions will bo ns favourable 
for the transfused cells m a diseased subject The information 
may be of value m two directions, for example in determining 
how tong before an operation to give a transfusion, for instance 
before splenectomy for thrombocytopenia, or in deciding when 
ne\t to transfuse an anaemic patient who is receiving repeated 
transfusions, as the replacement effect of the transfusion can only 
be expected to last as long as there aTO red cells m circulation 
The life of a red corpuscle has been determined in two ways 
By the transfusion of blood of a different group (Ashby, 
1910) If for example an individual of group A is transfused 
with blood of group O, the presence of the transfused cells can 
be determined indirectly by repeated oliscrv at ions of the blood 
tount The count is made in the usual way except that an 
anti A scrum is used instead of the ordinary diluting fluid The 
serum agglutinates the A cells leaving the O cells unnggltt 
t mated A count is made of the magglutinable cells these 
include not only the transfused group 0 cells but also GO million 
per cubic millimetre of magglutinable tells which it has been 
shown are normally present As long as the count of innggltt 
finable cells exceeds the number of those normally present the 
existence of ddnor cells in the circulation may lie assumed 
By tins method Ashby has found transfused red cells in the 
recipient's circulation up to 100 days after transfusion, and 
Wearn, Wanen, and Ames (1022) found an average survival 
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time of 83 days See also Dekhers (1939), Hawkins and Whipple 
(1938) 

Theso figures represent maximum sumval times The red 
cells introduced at transfusion are of all ages Some are already 
dying, others are still immature The effective therapeutic 
penod probably does not exceed fourteen daj s 

By means of the factors M and N With the aid of these 
factors Landstemer, Levine and Janes (1928) and Wiener (1935) 
were able to confirm the findings of Asliby 

If a recipient of group A containing the factor N is transfused 
by a donor of the same group containing the factor M and the 
blood is re examined from time to time with anti M serum, the 
presence of donor cells can be assumed, for as long as agglutina 
tion continues to take place 

The life of the white cell 

The life of a polymorphonuclear cell is very short — from 3 to 

5 davs 

The survival time has been determined by continuous observa 
tion of stained specimens over 8 hours (Sabin Cunninghnm, 
Doan, Kmdwnll (1925) ) During this period it was found that 

6 per cent of the total polymorphs were senile i e 18 per cent 
m 24 hours or approximately one fifth of the total count were 
destroyed in one day 

The life of the platelets 

Tho duration of life of a platelet is unknow n Platelet counts 
following transfusion to essential thrombocj topeme subjects 
show that the transfused platelets have disappeared from tho 
circulation in 3 to 5 days but there is evidence to show that m 
such patients, platelet shortage is duo to continuous rapid 
destruction 

SUB-GROUPS 

Groups A and AD hire been dmded by von Dungem and 
Hirschfeld (1910) into sub groups A lt A t andAjB A.Brespec 
tivelj This subdivision was discovered by exposing the cells 
of these groups to the a serum of group B before and after 
absorption It was found that the majontj of a sera have two 
factors, one of which agglutinates all group A (and AB) cells, 
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the a factor, and one winch agglutinates the majority of A 
(and AB) cells, the a t factor In other words most A cells have 
two agglutmable bodies, but a minority have only one This 
dn ides A cells into two types, the majority — A j— agglutinated 
by « factor and by a, factor, the minority A* agglutinated by 
« factor only It will be seen that this subdivision of the groups 
A and AB is based on the agglutinogen factor in the cells and 
that no mention is made of the ilex dopment of a corresponding 
agglutinin It max be wondered what the significance of these 
sub groups is in the practice of blood grouping, and how it is 
that incompatibilities arc posxiblo between individuals of the 
same group between whom the only appircnt difference is a 
qualitative one affecting the agglutinogen factor only IF, for 
instance sub group A contained an agglutinin which was anta- 
gonistic to the agglutinogen present m sub group A t cells, then 
the incompatibility could be explained Landsteincr and 
Lev mo (1929) have shown that such atypical agglutinins arc in 
fact present in approximately *1 per cent of individuals 
The presence of tlieso atypical agglutinins and subgroups 
does not in any way interfere with the scheme of tho four blood 
groups or affect the interpretation of tho blood groups as deter 
mined bv the use of typing sera 
TJicir importance as a cause of transfusion reactions is dis 
cussed under that heading 

THE AGGLUTINOGENS M AND N Or 
LANDSTEINFR AND LEVINE 
In 1927 Landstemer and Lex mo rev ealed tho presence m 
human red blood corpuscles of agglutmable factors unrelated to 
the agglutinogens A and B These factors w ero named M and X, 
and one or other was found always to be present in any given 
sample of Mood The M and K factors are distributed irrespec 
tiv e of group or sub group, and since their corresponding anti Af 
and anti N usoagglutimv# are not present in the serum these 
factors do not play any role in the selection of donors for trans- 
fusion or in the preparation of sera for stock ty pmg purposes 
The practical application of our knowledge of the existence of 
the factors M and X may lie turned to adx antage in the follow mg 
circumstances 
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1 With the md of these factors, it has been possible to detect 
donor blood cells in. the circulation of the patient m cases in 
w hich compatible blood Ins been used but the donor, for 
instance, has been 31 and the recipient N examining the 
blood of such a recipient from time to time it is possible to 
determine the life of the red blood cell 


1st transfusion 


2nd transfusion 


Donor Recipient 
©-O No Reaction 

©"*© Reaction 


2 A possiblo part placed by the 31 and N factors m Irons 
fusion maybe in connexion with certain unexplained re trails- 
funon reaction * As the result of the formation of anti 31 or 
anti N agglutinins induced by a previous transfusion from a 
donor containing the fictor 31 or N in his cells, an antigen 
antibody reaction inaj take place This is discussed further in 
the chapter dealing with reactions 
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CHAPTER VIH 

COMPLICATIONS OF BLOOD TRANSFUSION 
‘Appreciation' of the dangers attending the practice of blood 
transfusion has varied greatly at different times In the seven- 
teenth century a happy ignorance took no account of them 
w hatover In the eighteenth century they w ere so great! j feared 
that transfusion fell into abeyance In the nineteenth century 
it was realized that dangers existed, but they were imperfectly 
understood, when fatalities occurred, a partial knowledge ex- 
plained them away more easily than our fuller knowledge can 
to-day, so that transfusion was practised m spite of them At 
the beginning of the twentieth century, with the discorery of 
“blood groups”, it was thought that all danger bad been 
eliminated At the present time the pendulum is swinging 
back again, and the problem of the complete elimination of 
danger is pr ox ing more complex than it tvas thought to be a 
few jears ago 1 (Keynes, 1922 ) 


CIRCULATORY FAILURE AND PULMONARY OEDEMA 
Circulatory failure is the commonest cause of a fatality 
following blood transfusion. It may be due directly to oier- 
loadmg of the circulation or it may develop secondary to a rigor 

From primary overloading. 

A case of pulmonary oedema following direct overloading of the circu. 
lotion is described by Plummer (1930) 

The enso was one of obscure Anaemia in a woman age d 20 with mitral 
stenosis The blood group of both patient and donor was Moss II The 
direct tost showed no incompatibility The haemoglobin was 33 per 
cent , red Celts 2,480,000 She was given COO c c of citrated blood 
‘During the transfusion the patient de\ eloped a mild dry cough, and 
immediate!; afterwards she felt sick Forty five minutes later she 
collapsed and was grey in colour Adrenaline 5 m and, an hour Inter, 
morphine one quarter of a grain with atropine one fiftieth gram were 
given because of pulmonary oedema, but the patient diet! 2 hours after 
complf tion of the transfusion At autopsy the heart showed dilatation 
oml hypertrophy of both nuncios and the right \ ontnele, and the lungs 
were bulky, deeply engorged and oedematems ’ 
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r ir 20 \ d la ted I onrt in n rose of long atnn 1 ng secondary ann/t a 

Wood trarwfusi hi to such n puticr t iiui oulj bo givxu with safety at a ilnj ntt 

In an indn ideal vs hose blood v olume is normal, that is to say 
not depleted by haemorrhage the production or not of uruda 
tory failure following the intravenous infusion of fluid depends 
on three main factors the v olume of blood introduced, the rate 
of its introduction and the mechanical efficiency of the cardiac 
muscle nt the time 

A largo v olumo of blood introduced slowly may gn e rise to no 
symptoms, whereas a small \ olumo introduced rapidly may 
produce heart fid ure If at the tune of the transfusion the 
patient is gravely jll and particul irK if he lias an anaemia of 
long standing, the mechanical efficiency of the heart will bo 
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proportionately reduced, and indeed it may already have begun 
to fail In such circumstances a transfusion of normal volume 
and given at normal speed may so increase the venous return 
that the balance between income and output, which before the 
transfusion was just maintained, is disturbed, and the anaemic 
or toxic myocardium fails 

Secondary to a rigor. 

A coso of pulmonary oedema developing after a rigor is described by 
Pygott (1937) 

3 he caso was one of pernicious anaemia w itli subacute combined do 
generation of the spinal cord ui a man aged 50 The blood group of botli 
patient and donor was Moss IV T1 ic direct toi t abo wed no mcompat lbility 
The haemoglobin was 25 per cent Ho was gi\ en 550 c. c of titrated Wood 

'There was no inuncdiato reaction of any hind, but ono hour later 
tho patient complained of ft cling cold and had a rigor Ho was gn en hot 
drinks, and ho settled down again with no further complaints until four 
hours after tho transfusion, when Jio suddenly collapsed and went into a 
coma, with cyanosis, dyRpnotn, and a feeble pulse His chest was then 
full of bubbling rales, and ho die d an hour later At necropsy tho lungs 
were found to bo ocdcmataiis, tho heart was slightly dilated and its 
muscle was very flabby and showed n typic-d thrush breast appearance ’ 

It is pointed out on p 73 that the danger of the ordinary febrile 
reaction is the rigor which may accompany it A myocardium 
u itli sufficient reserve strength to deal w ith a relatively rapid 
increase m blood volume may find itself quite unable to main- 
tain tho circulation of tho blood in the event of such a constitu* 
tional disturbance as a rigor Plummer (1030) reported four 
deaths due to circulatory failure Ono of these was an example 
of straightforward overloading of the circulation in a patient 
with mitral stenosis, described above but the other three cases 
only developed signs of heart failure following a ngor All these 
patients had been anaemic for a long time, ni other words the 
heart-muscle was not normal Acute pulmonary oedema was 
the most striking feature at necropsy in these eases Tw o other 
examples of circulatory failuro with pulmonary oedema are 
reported by DeGowm (193$), in which there was no reaction 
of nny kind to tho introduction of blood, but which collapsed 
and died follow mg a rigor 

I bclio'o that death in the«o circumstances is very much 
commoner than is generally supposed and that tho connexion 
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between cause and effect is not always appreciated, particularly 
if death is delayed for several houra after the transfusion 

Trlatment of Circplatoiu Failure 
Prophylaxis 

The selection of cases for intra\enous therapy. 

The prevention of these catastrophes lies in acquiring a 
proper regard for intravenous therapv of all hinds, and for all 
types of patients To this end the patients cardiac reservo 
must first bo determined before it is decided actively to increase 
the volume of circulating fluid bv transfusion 

Secondly every precaution must bo taken to avoid a rigor, 
particularlv in the anaemic Tins can only bo achieved by 
attention to those details affecting the apparatus the operator, 
and the patient which are stressed on p 78 

Additional precautionary measures which may bo taken 
include 

Preliminary venesection Irom tunc to time it happens 
that a case unsuitable for intravenous therapy must be trans 
fused to sav c life In these circumstances— assuming the trans 
fusion is not to replace blood lost — a v cncsection should precede 
the actual introduction of tho blood On a number of occasions 
I hav o found this a most satisfactory solution to the problem 
The amount withdrawn will depend on tho v olume which is to ho 
transfused and the rate at which it is intended to mtroduco the 
new blood 

Drip transfusion It is now a matter of common experience 
that overloading of tho circulation and severe reactions occur 
less frequently if the blood is introduced hv a drip method For 
this reason all grnicly anaemic indmduals should be transfused 
at a drip rale To giv e a short quick transfusion in these cases 
is to court disaster 

Transfusion of cells or serum only To reduce the bulk of 
fluid introduced a transfusion of red cells only or of the separated 
plasma may be used The serum forms more than half by 
volume of any given sample of blood so that on occasion when 
the formed elements are not required it mav be convenient to 
transfuse the cttraled plasma only 
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During Transfusion 

The symptoms of cardiac embarrassment 
Early recognition of the symptoms of cardiac embarrassment 
— that js while the transfusion is still in progress — may avert 
disaster The first and most constant sy mptom is a dry cough 
Py gott says that it is possible to produce in almost any patient 
a fit of sev ere coughing in the course of a transfusion by aceele 
rating the rate of introduction after about 150 c c have been 
given He thinks that this may be ascribed to a temporary 
over distension of the right auricle, which may also account for 
the constricting sense of pain felt m the chest on these occasions 
(Pygott, 1937) 

In the event of pulmonary oedema developing 
If circulatory failure develops in the course of a transfusion 
an immediate venesection should be performed The introduc 
tion of adrenaline at this stage is absolutely contra indicated as 
it can only further embarrass the heart s action Atropine 
gram one fiftieth should be injected subcutaneously to arrest 
bronchial secretion together with morphine gram one quarter, 
to relieve the heart fn some cases even aspiration of the 
bronchial tree may be needed 

THE COMMON FEBRILE REACTION 
By the common febrile reaction is meant the most usual 
reaction following a transfusion of blood involving in its 
simplest form no discomfort to the patient but a rise of tern 
perature to 100° F In its severest form there is a rigor followed 
by a rise of temperature to the region of I0t° F 
The danger of this type of reaction is in the extra strain 
thrown upon a myocardium frequently much weakened by 
long standing anaemia Such a rigor, though it may not directly 
harm the patient, may, as the result of tho increased burden 
put upon tho heart, bring about a mechanical failure with 
pulmonary oedema from which the patient may die This pouit 
is emphasized so that the real danger of rigors may be appre 
emted and every caro taken to avoid them 
In addition, a rigor is an alarming experience and should the 
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patient require a subsequent transfusion it is likelv to be very 
difficult to get him to submit readily 

Pulmonary oedma follomng a rigor 

An example of a case of pulmonary oedema developing after 
a rigor u rejwrted by Plummer (1 03 G ) (See also Pygott, p 71 ) 

Details 

A rewo of Addison a anaemia in a woman nge<I CO TIio blood group 
of both patwnt anil donor was Mass I' and tl r direct test shotted no 
mi ompatibihtx Tbo liai moglobm was 30 per cent She was gm-n 
300 c c of cit rated blood 

bhortlv after completion of tl o op< ration she experienced a sen-so of 
fulness in the throat anl at irtred slightly \n 1 our an 1 a half after 
commencement of the transfusion the puLxe rose to NO nnd the timptm 
tun to 100° r pubnonarx oedema de\ eloped The patient became 
con atoxo nnd died 10 hours after tbo transfusion At necropsy the lwo.es 
of the 1 mgs vert congested and oedemntous flio heart muscle was 
soft an l tbo ngtit suit was dilated 

rhe belief that those who hate a ngor respond better to the 
transfusion is only rarely confirmed in practice and does not 
justify us allowing po<*t trnnsfuxiornl rigors to go umnvcsti 
gltul 

Behai tour of haemoglobin in the recipient after transfusion 
In a scries of 77 non bleeding cases which wire transfused 
at the Mayo Clinic (feiblev nnd Lundy 1*)3^> it tvns obserted 
that in those cases in which there was no reaction the rise of 
haemoglobin in the recipient sens almost twice that of those 
cases which Jnd a reaction This rise of haemoglobin was not 
maximal until approximately 48 hours after tho transfusion 

The cause of the common febrile reaction 
In the majonti of cases these reactions are believed to lie due 
to the injection of foreign protein m some form and tins is 
supported by 

(l) The similarity of the picture to that of scrum shock 
(n) The exclusion of the citrate factor by Lciusohn and 
Uo«enthal (193,5) (p 184) 

(m) The fact tint reactions arc commoner m recipients 
smsitized b\ previous transfusions or possessing an 
allergic taint 
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The injected foreign piotcm may til e the form of old blood 
clot left m the apparatus or may be the lesult of air borne 
contamination of tho blood or solutions by bacteria (p 384) 

In a smaller proportion of cases tho febrile reaction is due to 
technical faults in the conduct of the transfusion Such faults 
will include errors in collecting the blood so that the flow is 
intermittent, inadequate citration of the blood winch may allow 
minute coagulative changes to take place and inaccurate tern 
perature control winch may allow cold agglutinins to heroine 
effective Faded intravenous puncture or venesection by dis 
tressmg the patient and by prolonged exposure also dispose 
towards a reaction 

The importance of a sound technique w as show n very con 
vmcmgly at the Mount Sinai Hospital in New York when tho 
conduction of transfusions was taken out of tho hands of 
recently qualified students and its practice limited to senior 
residents or members of the staff In the course of a year 
(1922) there was a reduction in the reactions from 23 to 13 per 
cent Similar observations in this country ha\e home out the 
importance of a proper experience in producing the best results 
In London th died Cross Blood Transf usion Servi ce insists that 
only senior residents may w ithdraw the blood from their donors 
Such a rule is in the interests of both donor and recipient as 
technical hitches at this stage may influence both unfavourably 
In a few cases a febrile reaction is probably duo to minor 
incompatibilities such as may occur with a high titre donor or in 
the raro event of the presence of accessory agglutinins Incom 
patibihty betw een the white cells has been suggested by Doan 
(1920) in instances where all the more probable factors have 
been excluded 

Frequency of reactions 

Tho frequency of febrile reactions vanes considerably from 
author to author Certain transfusers declare that they have 
never seen a reaction This is generally because they do not 
Wit the patient again after the transfusion and because m the 
interpretation of these observers anything short of a genuine 
rigor is not regarded as a reaction Tor statistical purposes it is 
convenient to recognize three grades of febrile reaction 
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Grade * associated •with a rise of temperature to 100° F but 
no other objective features 

Grade n associated with a similar or greater rise of tempera 
ture and subjectively with feeling cold and shivery but 
without having an actual ngor 
Grade m associated with a definite rigor the so called post 
transfusion chill of some writers 
It is very easy to deceive oneself about the frequency of 
reactions My tmpremon was that in my own hands they had 
fallen to below tl e 5 per cent marl But on analysis 

I found that II out of the last 100 ca«es I transfused had rigors 
These transfusions were all personally conducted and observed 
throughout 

I he reaction rate is enormously influenced by tho indication 
for the transfusion and by the rate of introduction of the blood 
Haemorrhage cases rarely ngor the chronic anaemias and m 
particular septic cases have a high reaction rate in my experience 

I Reaction statistics nre therefore of little value unless they 
arc considered in relation to the indications and rate of intro 
duction of tho blood 

Rordcnat and Smithies (1025) state that j radically all trans 
fusions if carefully watched are followed by some nso of 
temperature though this is likely to be sy mptomless My own 
observations are m agreement with this statement 
Lcwjsohn and Rosenthal (1033) using the citrate method 
report only I 2 per cent of rigors Tins compares on level 
terms with any whole blood method but a careful prciaro 
tion of apparatus is essential to keep to this low figure 
lelow which neither advocates of whole blood nor citrnted 
blood have so far leen able to reach however careful they 
may b ivo been 

Tur Treatment or v rFURiir Ruction 
Arising during transfusion 
If tl c patient feels shiverv whilo tbe Hood is being injected 
and a rigor seems imminent the transfusion should be stopjied 
and tho needle withdrawn 

Tho sul sequent treatment is outlined below (collapse should 
bo treated along genera! lints with warmth mid stimulation) 
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Arising after transfusion. 

Feeling cold. Immediately the patient complains of feel 
mg cold or chilly , a hot water bottle should be placed in the 
bed, and he should be wrapped up and made as warm as 
possible 

Shivering If the feeling of coldness de\ elops into actual 
shivering, a subcutaneous injection of adrenaline (6 muums of n 
1/1,000 solution) should be given The adrenaline is given in 
case the reaction has an anaphylactic or allergic basis and not 
as a cardiac stimulant It should not be repeated if it is ineffec- 
tive at the first injection, as more of this drug will only serve to 
embarrass the heart 

If the patient is having a seiere rigor which lias not been re 
hcvedby adrenaline, an injection of morphine one quarter grain 
should be given immediately Morphine tends to shorten the 
attack, it relieves the right heart and it quietens an anxious 
patient by providing the sleep which is so badly needed after 
the physical exhaustion and mental distiess produced by such 
a reaction 

It is my own practice to give an injection of atropine, one 
fiftieth grain, at the same tuno as the morphine Atropine, if 
administered early and adequately in this way and particularly 
if combined with morphine, tends to prevent the excessive pul 
monary and bronchial secretions wiuch may so quickly collect 
and drown tho patient 

In a Bmall volume transfusion taking 45 minutes to giv e, a 
rigor, if it is going to occur, will usually begin within a quarter 
of an hour of the end of the transfusion l e w ithm an hour 
of tho Btart It is generally safe to tell the nurse or relations 
that there will bo no rigor if it has not occurred within this 
time The slouer the transfusion, the less likely is a rigor to 
follow 

Collapse. Collapse should bo treated along general lines 
with warmth and stimulation 

Subsequent procedure. 

(i) A note of a severe reaction should be made and tho 
service supplying the donor informed so that a careful check 
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may lie kepi upon lum Certain, donors seem to cause more 
reactions than others, sometimes because they are high litre 
group 0 s being used ns universal donors, sometimes because 
they are group A s or All s w ith sub groups 

(n) An investigation into the cause of the reaction should 
be earned out along the lines suggested at the end of tin* 
chapter 

Prevention of reactions 

l*he occurrence of the febrile type of renction can be reduced 
to a minimum by 

Preparation Careful preparation, cleansing and stcribza 
tion of apparatus and solutions 

Speed Introducing the blood at a drip rate — 10 drops a 
minute 

Technique Employing a simple and reliable technique which 
avoids cutting down and avoids prolonged exposure of the 
patient 

Temperature \ccurate temperature control in the more rapid 
l\pe of transfusion 

Patient Keeping the patient warm during and after the 
transfusion 

General management Conducting tho transfusion with the 
care accorded to more extensive operations, in other words 
avoiding talking nnd noise which mnv exhaust tho patient To 
this end the room should be darkened after the transfusion is 
over and the patient induced to go to sleep with the help of 
drugs if necessary It is often good practice to give omnopon, 
one sixth grain at the end of the transfusion 

Retransfusion following a rigor 

If a patient who has had a rigor at a prov ions transfusion is to 
be retrnnrfu.'jfd it will be wiso to tnhc certain precautions 

1 3 he most important single measuro is to introduce tho 
blood at n slow drip rate— in an adult 40 drops a minute 

2 Additional precautions are 

(i) The same donor should not he used again 

(n) The direct compatibility test should on no account ho 
omitted 
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(in) If the patient is group A it will he w orth w lule frj ing hmi 
with group 0 blood 

A patient of group A with aplastic anaemia, to whom I gave 27 
transfusions, could only tolerate blood from group 0 donors Whenever 
wo returned to a group A donor there was a severe reaction with 
ft rigor 

(nr) Rarely a whole blood transfusion may suit the patient 
better. 

AIR EMBOLISM 

The dangers of embolism following the entry of air into the 
veins of the elbow region appear to have been geneiallj e\ag 
gerated. My own experience is that bubbles of air have fre 
qucntly been introduced and no ill effects have been noticed 
If a large volume of air is injected or aspirated it may produce 
heart failure, either directlj by over distension of the right 
auricle, or, in the rare event of a patent inter auricular septum, 
by distension of the left auricle 

Shulman and Glass (1937) were onlj able to find one fatal 
ease of air embolism following intravenous injection at the 
elbow, in the literature of the period 192S-37 These observ ers 
have on two occasions introduced 30 c c of air during trans 
fusion in man without noticing any ill effect Nordland (1930) 
and his co w orkers have had similar experiences 

In the course of a transfusion, then, the entrance of a few 
bubbles of air need not be a cause of alarm, although they can 
hardlj be regarded as evidence of a good technique 

AGGLUTINATION IN THE COLD 
Stewart and Harvey (1931) have reported two interesting 
cases in which cold agglutination was observed in the cross 
matching test, but transfusion was carried out in spite of this 
Both patients were severely anaemic, both lnd severe reactions 
of a febrile typo without haemolysis, and both cases recovered 
In each vmtaneo the donor was of gwop O ami the leevpvent of a. 
different group 

In practice one should anticipate a probable reaction when cold 
agglutinins arc know n to be present A reaction is prciented by 
1 Maintaining the temperature of the blood at 37 0 C through* 
out the transfusion. 
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2 Introducing the Wood at a dnp rate 

3 Keeping the patient warm during and after the transfusion 

4 Injecting morphine and adrenaline if there is an} sign of 
collapse 

There is a further discussion on cold agglutinins on p 35 

ANAPHYLAXIS AND ALLERGY 
Anaphylactic vs» Allied 1\f actions 
Anaphylactic shock 

Occurrence of sec ere anaphylactic shock following blood 
transfusion must lie excessively rare and it is significant that 
no case has been reported to the Medical Officer of the London 
Blood 1 ransfusion Sen ice in the lost set en 3 can? during approxi 
inately 30 000 transfusions 

True anaphylaxis presumably could occur in a second or 
subsequent transfusion if the recipient had been sensitized by 
some foreign protein m a pro? ious donor s serum posstbly food 
circulating in his serum But the repetition of such a factor is 
extremely improbable 

These cases arc always difficult to prove but it seems likely 
that these circumstances were present in a case reported by 
Duke and Stofcr (1024) in which the recipient was sensitive 
to cow s milk and at his second transfusion developed By mptoms 
suggest wo of anaphylactic shock after recoiling blood from a 
donor « ho had recently had cow e milk to drink In this case no 
mention is made of the first donor having taken cow s milk the 
circulating proteins of which would have acted on the necessary 
antigen but it is probable that tins is what happened Jn some 
cases a meal of eggs appears to have presided the offending 
protein 

Although from a clinical point of s icw truo anaphylaxis and 
the similar type of reaction which follows blood transfusion 
would appear to be the same from a biological and immuno 
logical stand point the two reactions would appear to lie wholly 
dissimilar 

The fact remains howe'er that a considerable proportion of 
the reactions following blood transfusion have produced in 
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vary mg degrees of intensity , a clinical condition exactly resein 
bling the well known pictuic of anaphj lactic shock which follow s 
the injection of horse serum to an individual who has been 
sensitized by a previous dose In most of the cases following 
blood transfusion however no such previous sensitization can 
be traced 

A case of death following this tj pe of reaction in which there 
w as no history of asthma hay fev er, or other signs of protein 
sensitization in either donor or recipient, has been reported by 
Carrington and Leo (192 $) 

The patient bad pernicious anaemia After very careful matching 
(with a number of donors) tl e patient was transfused by the citrate 
method with GOO c c of btood without any immediate reaction One 
half hour afterwards however ho developed a typical anaphj lactic 
protein reaction with h gh fev er spasm of tho unstriatcd muse] *s 
asthmatic symptoms in the lungs invol mtnrj voiding tho anno and 
several bowel movements Tl is subsided after one hour b it the man 
develop'd acute oedema of tho lungs and died eight 1 ours after trails 
fusion During the reaction the urine was examined and no haemo 
gtobin found Tho blood showed no haemoljsis or agglutination 

Anaphj lactic and similar reactions can be distinguished from 
liacmolj tic shock because in anaphj laxis ( 1 ) the onset of symp 
toms is earlier, if not instantaneous and can be produced bj 
a minute dose of the antigen (2) there is no evidence of 
haemolysis viz jaundice haemoglobin una haemoglobinaenna 
or positivo Van den Borgh and (3) there are no kidnej 
sj inptoras 

As will be seen in the next paragraph it has recentlj been 
suggested that some at least of the bo called anaphj lactic ’ 
reactions arc manifestations of speed shock that is to saj 
reactions on the part of the body to the too rapid introduction 
of blood 

Speed shock 

Hirshfcld, Hyman, and Wanger (1 931) have suggested an 
alternative theory to explain the cause of the anaphylactic typo 
of reaction following blood transfusion, based on experimental 
work These authors state that in dogs and rabbits an exactly 
Himilar clinical syndrome can be reproduced by rapid infra 
tenons t njechons of fluid In short, they believe that the 
o 
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common tuiaphv lactoid phenomenon is a velocity reaction and 
tlio> refer to it as speed shock 

Ilieir claim is supported experimentalh by tho various 
phenomena accompanying the rapid injection of fluid into 
animals lho\ observed that the speed shock reaction began 
within 40-00 seconds of the commencement of the injection that 
it was associated with enrdne failure shown graphically by a 
deep fall in blood pressure that it was accompanied by evidence 
of respiratory distress sometimes in the form of dy spnoea and 
spism of the 1 ronchnl muscles sometimes as apnoea with 
muscular atony 

It is their behtf that the site of action of speed shock is in the 
In or cell since the clinical condition cannot be produced in 
hcpatcctoinized animals They suggest that as a result of 
temporary cell damage some potent substance is liberated by 
tho Incr cell and that the syndrome described results m the 
circulation of this substance The fact that production of a 
ahock picture occurred with ft variable list of chemical sub 
stances supports the contention that it is due to some con 
stantlv present factor for example the velocity of introduction 
of the blood 

So far as I know this work has not yet been confirmed on 
human beings nor has tho toxic substance of alleged hepatic 
origin 1 ecn isolated but even ns unsubstanti ited experimental 
investigations thev are of tho greatest interest and drive a 
formidable wedge into the loose and v ague phraseology of the 
annj hy lactic nomenclature 

Allerck. Reactions and Urticaria 
In j mctice ns well ns for dcscrij tive purposes the uso of the 
term allergic tv pe ofrcaction is best confined to tliOM; instances 
only where cv idcnco of natural hypersensitivity can 1 o obtained 
either in the donor or the recipient Such a reaction may occur 
at a first transfusion or not until later 
If the donor has am allergic taint for example hay finer and 
is m the active phase at the tune of the transfusion lie may 
transmit this tendency to a recij lent 
In tho pane way if the recij icnt is sensitive to am But stance 
circulating m the donor « serum a similar reaction in ly occur 
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Clinically thc.se reactions are usually mild and unassociatcd 
with any marked constitutional symptoms, and are as a rule 
accompanied by a varying degree of urticaria and cosinophilia 
Examples of this typo of reaction have been reported by 
numerous observers 

Sensitive recipient. 

Gootlnll (1038) reports tho case of a woman who was room ing n trims 
fusion when she suddenly developed urticarial aymptoma Tho trims 
fusion was stopped and after injection of adrenaline, was r« suinetl 
W lien questioned upon her reactions to food tho patient stated that tho 
only ingredient sho knew she could not toko was gin It always produced 
urticaria and sho had not touched it for 15 jears When tlio donor was 
asked how much gin he had had that morning lie confessed (m some 
alarm) to having had one dnnk 

A similar case in which the recipient was sensitive) to cockles and 
where the donor had had a meal of cockles prev ious to the transfusion 
is reported by Stewart and Bates (1938) 

Sensitive donor. 

(а) In the active phase at the time of the transfusion. 
Todstrom (1933) reports the case of a donor who had urticaria, 
at the tunc that his blood was withdrawn, fioni eating straw- 
berries the recipient developed urticaria immediately following 
tho transfusion 

(б) In the inactive phase. Tins amounts to the transmission 
of hypersensitivity The classical example was reported by 
Ramirez (1019) who observed that a donor sensitive to horse 
dandruff — he used to get asthma — transmitted this tendency 
to n recipient who, although not sensitive before the transfusion, 
afterw ards used to get asthma when she went near a horse 

A similar typo of case of the transmission of hypersensitivity 
is reported by Holder and Dicfenbach (1932) In their case tho 
donor was sensitive to strawberries After the transfusion the 
recipient became sensitive os shown by urticarial rashes on 
eating strawberries This transmitted bcnsitmty passed off m 
a year 

No history of hypersensitivity. 

These are tho commonest cases of all and arc most hkeiy to 
occur in patients receiving multiple transfusions Thurston 
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(JIMS) reports such a case and I lm e had cvjienenco of three — 
each in transfusions after tho first and each showing urticaria of 
carving intensity and distribution 

\ fatal case in tin nllcrgc category w reported by Hancock (1930) 
In thus cn?i dcatl occirrcct 10 1 a iw afl r tl r transfusion an I tic 
clmi t p ct ire | r *cid ng <! alh was s ipg -stive of n cord ra! owlom 
analogous t tie urt car i of tin ckin n) icli won also present Tl ero was 
no ev trace of t efm lysis or agglutination 

l, ntd we know more of the subject wo can unfortunately do 
no letter than put down many of the unexplained reactions 
producing this type of clinical picture to some allergic taint in 
the recipient or donor although m many cases a hypersensitive 
factor cannot bo elucidated in the history of cither 

Treatment 

In any transfusion to an allergic patient hut particularly 
after the first it will lie wise to u^c n fasting donoi 

In anticipation of a reaction of this ty pe it is a good practice 
to gn e ephedrine half a gram in tablet form by tho mouth half 
an hour 1 eforc tho transfusion 

If the patient is lnown to bo nllcrgio it will be advisable to 
gn o h m a small intradermal injection of tho donor 8 scrum ns 
asensitivitv test fins will take only a few moments and may 
give valuable information 

If tho donor is allergic ho is roll lively safe to use except 
during the activ c phase oF his condition Such donors should be 
advised to sign off from service for three months during the 
summer if they suffer from hav fov cr Others thould ho adv ised 
not to scrv o during an nctn o phase 

Reactions of the allergic typo respond well to the h> jiodcnmc 
injection of adrenaline An initial dose of 7 minims of 1/1 000 
adrenaline hydrochloride should be given and then 1 minim 
per minute until tho effect is obtained 

iiArxioLt tic nr actions in spitt or 

CORRECT GROUPING 

Haemolytic reactions occur not only when tho Wood intro 
duced is of an incorrect group but also when donor and 
recipient are of the mine blood group Such haemolytic reae 
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tions ure usually less severe than w hen a donoi of a wrong group 
is used The main clinical features are the same, only they arc 
less marked 

Theoretically, the conditions under which haemolysis may 
take place apart from the mam one of wrong grouping are 
Intravascular Haemolysis t e haemolysis in vivo 

1 On retransfusion 

2 'When using a group O as a Universal donor (p 50) 

3 In transfusing the baemOly tio anaemias (p 153) 

4 By interaction of sub groups 

Haemolysis outside the body, i e haemolysis in vitro 

1 0\ crheating the blood (p 2a0) 

2 Freezing the blood (p 30”) 

3 Ovtrstorngo (p 300) 

4 Reuifuston of blood more than 72 hours old from body can (res 
(P 294) 

C Mixing the blood of two or more donors (p 2 >0 (It )) 

8 Shal ing the blood (p 309) 

Rethansfusiov Reactions 

Melmck and CowgiU (1937) of Yale University working on 
dogs found that retrunsfmion shock occurred m dogs ret r ins 
fused after more than one tieel s mlenal — both from the same 
and different donors The period of sensitivity or haemolytic 
interval following tho first transfusion lasted up to 10 weeks, 
during winch time tho serum of the recipient would haemoly sc 
tho cells of the donor To what extent such a period of sensi 
tmty exists in man is not y et known hut there is no doubt that a 
patient receiving multiple transfusions ismoro prone to ahaemo 
ly tic reaction than a patient receiving Jus first transfusion A 
‘safe period’ has not so far been worked out m man By analogy 
with Melmck and CowgiU s work on animals it seems probable 
that tho earlier rctransfusion is carried out tho less likely is a 
haemolytic reaction to follow Re transfusion after an interval 
of more than a week should always be accompanied by careful 
cross matching 

A Same donor twice 

Occasionally it happens that the use of the same donor on 
more than one occasion for the same recipient is followed by a 
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severe hatmohtic tvpe of reaction Tratim (19J2) reports a 
ease in winch there was a revere hncmolv tic reaction IS month# 
after the previous transfusion from the same donor Other cn^es 
have been reported by Plummer (19 JO) IhaUnmcr (1921) 
Levine and Segal (1922) Astrowo (1922) Smith and Unman 
(1934) Duke and Stofer (1924) but there is little doubt that 
there are many transfusions m which the sumo donor is used on 
hiueessive occasions which are unassociotcd with any form of 
reat t ion Characteristically there is no reaction at tho time of 
the brat transfusion— it is at the second or third transfusion 
that the reaction occurs 

Ihc reaction can ho explained l>\ assuming tin presenco of 
an additional agglutinogen (C) agglutinin (y) pur of factors 
The production of an antibodv iti response to stimulation b\ an 
antigen is a well known immunological phenomenon The pro 
duct ion of such an antibody (agglutinin ) follow mg a transfusion 
ma\ 1 1 represented thus 

Donor Recipient 

1st transfusion C \\ 3 (apparently group 0) — » <x$ No reaction 
2nd Cafi ( ) — - Cap y Reaction 

(<?yy) 

At the first transfusion the agglutinogen C was introduced 
The recipient responded by forming the agglutinin (y) Tilts 
(y) reacted with the original agglutinogen C when this C wne 
reintroduced at the second transfusion 

Treatment The wune donor tw ico ty pe of reaction can 1 o 
avoided by conscientious rej ctition of tlio cross matching tent 
before the second transfusion I’ronlcd the direct lest if «tt hs 
factory the same donor may be used again and again with 
jterfect safety 

Iho develojied reaction will 1 e treated in the same wav as 
other hncmolv tic reactions, the exact treatment depending on 
the seventy of the condition 

B Reactions possibly due to the factors M and N 
Reactions follow mg the u«c of different donors for tho same 
patient art re|mricd from time to time In some instance* the 
donor# used on successive occ ixions hove been of different 
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groups As these reactions are usually haemolytic in type, that 
is tone y involving the destruction of red corpuscles, the} cannot 
be explained as being due simply to interaction between sub 
stances in the sera of the two individuals concerned 
The reaction appears to be due to the de\ elopment of agglu- 
tinins m the scrum of the recipient against an antigen present 
in the red corpuscles of the donor introduced m the previous 
transfusion As the reaction can take place e\ cn when donors 
of different groups aro used, it is necessary to postulate an 
agglutinablc substance which is distributed in the corpuscles, 
irrespectn e of group Two such antigenic substances ha\e m 
fact been found in the agglutinogen factors M and N, and it 
seems probable that the introduction of blood containing one 
of these factors w ill result in the formation of the corresponding 
anti M or anti N agglutinin in the recipient 8 serum In these 
circumstances, when a second transfusion is made of corpuscles 
containing the factor M or ft a reaction may occur 
Since the agglutinogens AI and N maj also be distributed in 
the cells of members of group 0, these factors may account for 
some of the hitherto unexplained reactions following the use of 
tho um\ ersal donor on more than one occasion to another 
member of this group (Fig 19) 

Treatment. The danger of such reactions may be obviated 
by the preliminary direct compatibility test Compatibiht} 
determined b} grouping alone wall not rc\cal such an anti 
agglutinin 

C. Unknown factors. 

As the result of a prc\ ious transfusion either from the same 
or different donors, the opportunity for irregular immunological 
reactions must lie correspondingl} increased and haemol} sms 
may develop which may cause haemolysis of any donor’s cells 
The point to bear in mmd is that such an acquired haemolysm 
will be detectable if the ordinary cross matching test is earned 
out, smec for each haemolysm formed there is at the same time 
an agglutinin produced, and agglutination precedes haemolysis 
in the cross tost, this being the order of e\ ents upon which 
reliability of the test is based 

In rare cases agglutination apparently docs not precede 
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haemolysis tliat is docs not occur at all presumably due to the 
failure of the corresponding agglutinin to de\clop Prom a 
practical point of view the rare case m which a haeraoHsm 
dev clops without a corresponding agglutinin, nnd so is not 
detected in the cro-s matching should be disregarded They 
must be cvcesstv ciy rare perhaps once m 20 000 transfusions 
and should not lie allowed to influence our confidence m the 
cross test 

Tho only way to detect such a haemolysin will be to test 
separately for it Since haemolysin onh acts satisfactorily at n 
tcmi»erature of *17° C and in the presence of complement it will 
be necessary to obtain guinea pig a scrum or human scrum of 
the snmo group to supply complement and heat together m a 
water bath for at least 2 hours Such an interval removes the 
test for haemolysin* from tho sphere of practical medicine, 
except when there is no urgency attached to the ca«c 1 think 
that the proper attitude to adopt tow ards this rare event is that 
of bearing it in mind when searching for the causo of an unex 
plained haemolytic reaction 

bt r onot i Rlactions pr* to Tin Pjifsfncf of Accixsori 
A t oictimns (Avomalous Atypical Advfntitiocs, Intba 

OROLP AaOLLTtMNS) 

In any given ca«c of an unexplained haemolytic reaction the 
chances arc that the fault will be found to be in the initial group 
determination Only after wrong grouping has been very care 
fully excluded by retyping both donor and recipient with high 
titro sera should adventitious agglutinins be regarded as tbc 
cau>c of tho reaction 

Reactions duo to the presence of accessory agglutinins arc 
probably very rare and for the«o reasons Land sterner and 
Levine {102S) only found an accessory agglutinin present in 
1 i>er ctnt of individuals when present the agglutinins viern 
almost invariably of low litre and, furthermore were ivoiaUv 
inactive at hodv temperature The distribution of the atypical 
agglutinins was found to be as follows 

1 Found in indii iduals of sub group A* and AjB and acting 
only on bloods of groups O and sub group A. 
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2 Found in individuals of sub groups Aj and A 2 B and acting 
only on bloods of sub group 

3 Acting irrespective of group 

This distribution of accessory agglutinins may account for 
some of the unexplained reactions when a gioup 0 has been used 
as a donor to groups A (or AB ) or u hen a group \ (or AB) has 
been used for another group A (or AB) 

A ee\ ero haemolytic reaction duo to an accessor} agglutinin in tho 
recipient a serum is reported by Culbertson and RatclifTo (I03C) ■nlioso 
findings were confirmed by Lnndsteiner They found tint it was 
necessary to use tho centrifuge tost method described by A\ loner and 
Vaisberg (1931) to demonstrate tho presence of the agglutinins Similar 
reactions in winch the presence of irregular ugglutinms lias been sus 
pec ted though not necessarily confirmed hn\ e been reported by 
McCundless (1935) and Stetson (1933) 

Prophylaxis 

These incompatibilities will remain unopposed if reliance is 
2 >laccd on the indirect grouping test alone but mil be revealed 
by the direct compatibility test another example of the value of 
this procedure as a routine mcasuie 

The TiUNSvissroN of Siphzlis 

Although the transmission of syphilis by transfusion can 
hardly be regarded as a commonplace — nevertheless it seems 
probable that it is by no means a rarity 

Rem (1938) of New York says that G8 cases have been re 
corded in the literature and lie believes that this is a mere 
fraction of the actual number of instances occurring (See 
Bibliography ) 

The practical points of interest m connexion with this com 
plication of blood transfusion aro related to the prevention of 
transmission and the tune and nature of onset of tho first 
symptoms m the recipient 

The prevention of transfusion syphilis 

Almost all the recorded cases of transmission hare occurred 
w hen using paid donors or untested rclativ es or friends This is 
one of the strongest criticisms we have had to make of the pro 
fcssional system — namely, that a less rcbable member of the 
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commurut} is attracted to scrnce when there is a prospect 
of gam 

In somo countries using professional donors the doctors arc 
advised to make a phj «icnl examination of tho donor before 
transfusion for cndcncc of a primary lesion as such a donor 
in spite of a Mnsscrmann reaction might still be in the sero 
negitne pl»n«e In a long exjierienec these precautions haxe 
been found unneee«sarj when dealing with the members of n 
voluntary service 

Tlierc remun honey cr, the untested donors yvlio ma} lmio 
to bo used in an emergency and who are probably the most 
potent source of transmitted di ease under either system The 
tendency in nn emergency —and not an unnatural one — is to 
take a chance with a donor particularly if ho is a rclatno In 
the urgency of the moment one is often considtrabl} rehe\ cd to 
find a donor of a compatible group without taking further steps 
to establish smtnhihtj in other directions It has been suggested 
that tho reason for this attitude of mind is to be found in tho 
time taken to c »rr> out such tests ns the A\ assemmnn reaction 
Tor this reason American writers in particular lia\e strongly 
recommended the use of the Klino flocculation test which can 
bo completed in 20 minutes and the Lauglileu (If)J5) test 
which takes oxen less time 

Wien an export aerologist is ay oilahte it seems libel} that thi so 
tests hay c much to bo said for them but unfort miatcl} the cir 
cumstanecs associated yi it It an emergent} transfusion arc rare!} 
so obliging In most instances it will still be more practical to 
rely on tho word of tho dunor combined if m doubt with a 
physical examination Fortunately tho chances of transmitting 
syphilis are most marked when tome clinical cMdenco of it is 
still likely lobe found lc in tho primary and second ar} stages 
and least probable in the tertmr} stage — although of cour«c a 
donor in the latter stage is b} no means to be regarded as non 
infectious (McNamara 1925) 

The ousel of symptoms in the recipient 

In the inajorit} of piticnts reported as des eloping trims 
fusion syphilis tht time of onset of the first symptom was 2-J| 
months after the transfusion The a\ mptoms y\ ere generalised, 
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most commonly starting w itU a rash and then pursuing the usual 
course associated with tho secondary stage of sy phi 1 13 

Thl Transmission or Malaria 

A largo number of instances (see Bibliography) of the acci- 
dental transmission of malaria by blood transfusion have been 
recorded 

On reading the accounts of these cases the outstanding fact 
that emerges is that in all but a fen the donor w as unanare that 
ho had ever suffered from the disease Herein lies the danger of 
accepting a denial of past infection from any one who has e\er 
In cd in a malvrial district The explanation is that a latent 
infection may persist for years without giv mg rise to symptoms 
InNobecourt’s (1932) case a donor who did not know that lie had 
malaria, and who had left the endemic area infected a recipient 
years later, and McCulloch (1937) reports a ease of transmission 
of quartan malaria from father to daughter by blood trans- 
fusion in Canada where the quartan type of malaria is almost 
unknown The father had left Rumania 25 years before and 
did not know that he had ever had malaria 

Dyke (1030) points out that there is another difficulty in 
identifying the latent malaria carrier, which is that the malarial 
parasite is rarely present in sufficient numbers in the donor’s 
blood to be demonstrable in ordinary films 

Prevention. 

In view of the difficulties in identifying latent malarial infeo 
tion in a prospect no donor — partly because a negative history' 
cannot be relied upon and partly because the blood films raroly 
show the parasite — the only safe method of exclusion lies m 
regarding all individuals who hat e resided in a malarial district 
as potential carriers of the parasite and so unsafe for transfusion 
purposes 

In malarial districts 

In actual malanal districts, presumably all donors are suspect 
In an emergency there will be no alternative but to take the 
risk of transmitting infection Fortunately the attacks are 
readily controlled if quinine is admmstered propliylactically 
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An interesting example of the transmission of influenza is 
recorded In Levick (19 H) 

The donor and recipient both belonged to the same blood 
group (A) The patient was a man aged 30 with pernicious 
anaemia who was given 520 c c of blood without anj reaction 
on the day of the transfusion Forty eight hours later ho 
dev eloped a tv pit'll influenzal nttack w ith aim enng joint pains 
and tenderness over the musculo tendinous junctions which 
'slow Jy subsided in about 1 0 da} 8 

Some weeks after the transfusion the possibility of infection 
from the donor w as considered and on communicating w ith him 
it was found that he had had influenza and was still too ill to 
leave his house It appcittd that he had not been feeling well 
on the daj of the transfusion and on the following evening had 
been eomjiletely overcome with a severe attack of influenza 

THE WRONG GROUP TRANSFUSION 
Clinical Features 

The reaction of a patient to the injection of blood or a different 
group runs a characteristic course and falls into three well 
defined phases immediate interval and delayed 

In most of the descriptions of wrong group transfusions the 
reader is rather led to believe that the reaction following may be 
either immediate or delated but not both Most commonlv 
however the two arc associated being bepirated h} a v anablo 
but ilearlv defined interval attention to which is drawn on this 
account 

Thus the j liases are 

Immediate reaction due to the sudden acute haemolysis of 
the incoming donors cells which is almost invariably 
followed by a n jor 

I/vtcnt interv al of s\ mptomatic vmprov cment but continued 
oliguria 

Delajeil reaction characterized bj renal failure and uraemia 
winch is followed either by coma and death or diuresis and 
reem erj 

Hi esc maj be regarded as phases m clinical and pathological 
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progression, the intensity of each being directly proportional to 
the sensitivity of the patient and the amount of blood intro 
duced 


Phase 1 The Immediate Reaction 

111© immediate reaction occurs during the actual injection of 
the blood, sometimes after not more than 10 c c hnv o beeu intro 
duced This very earlv onset of warning symptoms forms the 
basis of the ‘biological test’ so widely used by tbe advocates of 
w hole blood 

Subjectively 

It is ushered m by classical subjective sj mptoms w hich are 
in their usual order of appearance a bursting feeling in the 
head, generalized tingling sensations and later severe lumbar 
backache Lumbar backache is pathognomonic of the trans 
fusion of incompatible blood and is a danger signal that must 
not be ignored On its appearance the transfusion should 
immediately be stopped however well the patient maj other 
w iso appear to be In addition, there is con' monty a praecordial 
oppression and dyspnoea and the patient tends to be mentally 
anxious and restless The throbbing in the head later gives waj 
to severe headache These symptoms are rapidly followed by 
collapse, which may be very severe The phase culminates with 
a Bharp post transfusional rtgor 

Objeclndy there is flushing of the face, which later becomes 
cj anotic, and the veins of the neck are distended At this tune 
there niaj be nausea and vomiting and sometimes urticaria 
which may be limited to the face or generalized over the body 
Tho pulse characteristically drops about tw enty beats a minute 
to start with, but later becomes thin and rapid as tho patient 
becomes cold and clammy and the collapse becomes more 
marked (Pemberton, Keynes, 1019) 

Rarely there is no immediate reaction, the first untoward 
sign being tbe ngor at the end of tho first phaso In such cases 
tho prognosis is not so good since the whole quantity of blood 
is likelj to have been given If the injection is stopped with 
the first appearance of alarming sj mptoms and so onlj a 
small amount injected, the interval pha«o m«\ pass off with 
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haemoglobmuna only and the terminal phase ncv or develop at 
all Only verv rarely docs death occur during tlie immediate 
haemolytic reaction and so far in the literature I have been 
unable to hnd a single n*e of death occurring during the lmme 
flint© reaction of a wrong group transfusion lliere were no 
instances m Bardlcv s senes of cases and I iia\c been unal le to 
trice anv in the British literature A number of cases of sec ere 
hnunolytic reaction and one death (Parr and Ivn-chner 19 12) 
have been reported in appartntlv correct group transfusions 

Pius* 2 The Intfrv \l Pn \si 01 Smiptomatio 

Isirnov EMFNT 

The interval phase lasting on an average 4 days (2 7 days) 
is associated with a jicnod of appnre.nl clinical tmj roixmenf but 
is marked by haemoglobmuna in the first sjiecmiens and 
oliguria or nnuna subsequently Jaundice if it is going to 
dev clop at all and it docs not necessarily do so aj pears during 
this stage about 24 hours afteT the transfusion lias been given 
and disappears before the del wed reaction sets m The depth 
of jaundice is not related to the amount of blood transfused 
During this period the piticnt usually eats drinks and sleeps 
well 

Phase 3 Tice IU\al PciAsr 

The term delayed reaction is an unfortunate one since it 
implies that the onset of symptoms attributable to the trims 
fusion is delayed unusually long Such is not the case since all 
delayed reactions have pissed through the preliminary uuti i! 
stages already mentioned ninth are just as characteristic as the 
terminal but longest phase It is true that in rare instances 
thcro has lecn no immediate rcartion tho first untoward 
symptom being tho immediate post transfusiounl rigor but this 
is atypical 

loUowmg an uncertain interval period the onset of ay mj toms 
of uraemia as usually quite .sudden All the features of renal 
failure are now present with retained nitrogenous products and 
tho 1 lootl urea rising daily bo that tho patient soon becomes 
comatose tven though tins advanced stage is reached a 
certain number of cases may yet recover and this would npjiear 
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to depend largely upon the volume of the transfusion m the first 
place. Recovery is marked by a largo diuresis and a return 
of the blood urea to within normal limits. 

It is not uncommon for a purpuric rash to make its appearance 
at tho peak of the illness. 

The different possible results of a wrong group transfusion 
may he represented thus: 

Transfusion of Incompatible Blood 


Aouto haemolysis of donor’s Massive agglutination of donor s cells 

colls {acute haemolytic reaction) with cerebral or cardiac embolism 

Clinical picture of severe shock Instantaneous death 


Death during or soon Surv ival from tho 

after transfusion immediate reaction 

Interval phase 


Renal phono Recovery without ever progressing to 

! tho atago of renal failure if the amount 

| of blood transfused is small 


Death m Diuresis and 

uraemia recov ery 

As the writer lm3 had the good fortune never to have seen 
incompatible blood transfused, an eyewitness account of a case 
seen and reported by Bordley ( I Oil I ) will be given m detail 

The case was one in which tho donor was of group A and tho 
recipient was of group O. Fresh titrated blood was used for the 
transfusion. The events that accompanied the injection of 
blood, were as follows: 

Immediate Reaction 

During tho introduction of the first 20 e c. the patient complained of 
creepy sensations all over her body. She said that her head felt full and 
tight as though it were going to burst. Tho subjective change seemed 
so definite that five minutes were allowed to pass before t lie injection 
was continued. A second 20 c c. was introduced cautioiwly. The patient 
complained of a severe headache. Her face became suffused : there was 
fullness of tho veins of the neck ; respiration grew shallow and laboured ; 
she became nauseated and soon vomited. It was decided to discontinue 



06 CCWPLICVHOVS OF BLOOD 1 It \N*»Fl/bfOV 
tin transfusion iumI the needle was removed from Du? v em After fin 
interval of twent} minutes, tho patient announced t Iiat she was ‘feeling 
fine lie wen* bo confident of our blood matching that tlio transfusion 
vnu resumed and a further 40 c c were injected without incident Them 
vrtre no symptoms m tho fifth injection vrfls started Scarce!} 10 c t , 
however, had been injected wlun tho patient suddt td} complained of 
lumbar backache fullness of tho head, and faintness She became short 
of bmith and ivonolie, tho puL-c rite ram ropull} and tho bents could 
I wire!} lie detected at tin wrist The transfusion was discontinued after 
a total of 00 c c laid boon injictcd A quarti r of flu hour after the end 
of tho tron-shiMon there was a violent rA iff and the patient had mi 
lm olnntar) stool \ftor half an hour tho ngoT ended but Cyanosis wivs 
still marked and resjumtKU was rapid and deep There was consider 
ablt KjKintom'ous binding from tho veno puncture wounds m Iroth anus 
which could lx controlled b} the application of pressure I windages 

Interval Phase 

Aftor a night a slot p she filt fairlv well At 5 n m and again at 8 a in 
on tho following, morning h1m> voulisl 100 c e of coffee coloured vmno, 
containing much luu moglobm ulhumtn a ft w red blood ct lls, and no 
casts Mio fill latter in the i veiling and nto a good HupjMr During tho 
next litres davs the pi/ient termed to he rrcourmg sntisjactorihj The 
haetnoglohinuna jnundiei and vomiting which hid boon striking ft a 
lures on the dft} after transfusion, sulfided mpidh and finally dw 
njipcnnsl 

Penal Phase 

Ohguna which had boon marked since the transfusion gave wav to 
complete nnimr) mippr vsi m from tho fourth to tho eighth dnj she 
was uv a Btatc of mcipi nt unntnia iwlnuniiting m guimliml con 
villa ions on tho ughth dnj nftir tin transfusion following which she 
beennio comatose On th< morning of tho ninth daj she n gained 
COfiscioiLsmiu and though drowsv, was orientated Together with a 
symptomatic improvement on that dnj, tho urumrv suppression gave 
wa> to diuresis which on tho Unth dav n mounted to fi 000 c c of untie 
tn 24 hours As tho diuresis progressed tins jsitirnt cleared mental!} and 
tlio blood \ J* \ fell gruelunlt} to normal (Rordlij, 1031} 

Treatment 

Before transfusion 

AlkaUnizatipn of the recipient before ft transfusion is a 
reasonable prophylactic mcisuro in view of the observation 
nntle on the experimental animal that haemoglobin bWrnttd 
b\ intra\ aauilnr haemolysis is precipitated in an and urine 
but remains in solution m alkaline urine 
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Unfortunately, in an emergent:} there is no time for extended 
preventive treatment, so that once again one must rely on that 
most important of all prophj lactic mens in es — the direct com- 
patibilit} test If in addition to this teit the first 20 c c of 
blood is injected very slowly — the so called biological test — we 
shall have experience of very few misfortunes 



Iia 21 (Bj count**) of Goldnng and Graofe ) A u rong group trnnuruaion 
the renal chnnge* 


After transfusion. 

By alknlinizntion Alkahmzation at this stage can do no 
harm, and by tending to promote a diuresis and so washing out 
the obstructing casts, may slightly relieve the mtrarenal obstruc- 
tion Unfortunatel} once the haemoglobin has been precipitated 
ns acid hacmatin, it is relatively insoluble but even so tho pig- 
ment is more likely to be dissolv ed in an alkaline than in an acid 
urine Clearly the earlier administration of alkali is begun, the 
better are tho prospects of recov ery 
The alkali should bo administered ns potassum citrate and 
sodium bicarbonate by tho mouth, and as sodium bicarbonate 
n 
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mtrav cnously The general treatment of the patient mil include 
the application of heat and cupping to the loins 
Man} other procedures have been suggested and been rt 
ported as successful m isolated cases 

1 rantfuxton of Compatible Blood 

Ilcsse and h llatov (1031) who claim that the renal eitpprcs 
won is ischaemic in origin say that retrain fusion as soon as 
possible with compatible blood is the most satisfactory method 
of treatment following an incompatible transfusion Ihey 
he here that the transfusion acts Ivy relieving arterial spasm 
produced by the toxic breakdown products of haemoglobin 
Amounts of 200 to 300 c c of blood are said to be sufficient for 
tbo purpose of detoxication 

Decapsulation of both kidneys following transfusion anuria 
was associated with recovery in n cih> reported by Bancroft 
(1925) and another reported by \ounge (1910) recovered follow 
mg decapsulation of the right kidney 
Imgat ton of the renal pels es w ilk hot w nter phlebotomy and 
intravenous fluids both hvpotomc and hypertonic hare been 
associated with retoy ery m their turn hut ns DcGowm (I93S) 
points out it 19 noticeable that some cases rceoyer apontan 
eously while others die m spite of the therapeutic measures 

Tm Oausf or SinnrssiON ov Urine 
T he mechanism of production of the anuria seems now to bo 
well understood largely due to the work of \orkc and Nanas 
(1911) Boss (1932) and 1 airley (1934) on eases of Blackwater 
fever the experimental work of Baker and Dodds (1925) on 
rabbits and tho confirmation of this work by DcGowin Oster 
hagen and Anderach (19 !7) on dogs Their conclusions arc ein 
bodied in what is now commonly called the obstructive thcorv 
Before discussing the actual method of obstruction however 
it w ill bo well to consider first what part of tho transfused blood 
is resjtonsiblo for the renal damage Baker ( 1 9 17 ) in a v nlunblc 
paiicr considers this problem under the following headings 
1 ]* tt If r pt tMnn tr the orj uncle * ’ T1 answer lo tl w is g»v mi t y n 
caa<*T< ported L> I) Cowmtu 1 Utflndgo (t(l3{) wlttci 1 aemogL UinurtA 
jaunic an! a fata] mjprwKion of tinne fill mod (nuisfusmn with 
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cashed rod corpuscles Tina case and the experiments of \orkc and 
\aus8 (1911) and Baker ami Dodds (1925), in which suppression of 
unne m rabbits n ns produced by lysed washed red cells prove definitely 
that the corpuscles arc responsible for tho damage 

2 What jxirl of tie corjmsclea w responsible ? Tho corpuscles can be 
separated into the haemoglobin and tho stroma and in experiments on 
rabbits it was found necessary to remove the stroma by filtration in 
order to avoid capillary emboli and thrombosis in the lungs which 
caused immediate death m these animals when whole lysed corpuscles 
were injected intravenously In theso experiments, therefore, urinary 
suppression and nitrogen retention was produced by tho haemoglobin 
fraction alone A\ o can say then that haemoglobin liberated bj mtrn 
v oscular haemoly sis of tho transfused corpuscles is responsible for tho 
renal damage 

The obstructive theory. 

The workers already referred to believe that there is a 
mechanical blockage of the renal tubules by blood pigment, 
so called ‘haemoglobin infarction According to experiments 
by Baker and Dodds on rabbits (1925) the donor's Wood is 
hncmolysed and the blood pigment is excreted by the kidneys 
where the haemoglobin is precipitated by the acid urine as acid 
haematin This precipitate mechanically obstructs the tubules 
causing uraemia if a sufficient number of nephrons is involved 
Clinically the obstructs e theory is supported by tho fact that 
the urinary suppression dates from the onset of the liaemoglo 
Innuna In addition, the fact that lumbar pain is the earliest 
symptom fits in with tho view that distension and obstruction 
occur early on, causing the pain Although jaundice and haemo 
globinuna usually occur, their absence must not be aliened to 
negative an mtrav ascular haemolysis The jaundice, unless it is 
looked for in tho early period, may bo missed, as it rapidly 
disappears, and it is quite possible that if tho precipitation of tho 
haemoglobin in the renal tubules was rapid and complete, no 
soluble pigment would escape from the kidney even though some 
urine was excreted 

The mechanism of intrarenal obstruction 

Ihe haemoglobin domed from tho haemolysed red blood 
cells circulates as oxyhacmoglobin and is filtered through tho 
glomeruli as such In tho tubules, provided that there is a pH 
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of f or lcbs and a concent ration of ^ aCl exceeding 1 per rent 
(Baker and Dodds 192 r >) the oxx haemoglobin is com cried into 
methacraoglohin and ultimately into acid hacmatin which 
appears to constitute the hulk of the precipitate blocking the 
lununn If the urine is alkaline -when the oka haemoglobin 
enters the tubule# these changes do not take place and the 
ox v haemoglobin is excreted un iltcrcd For this rt ison death in 
raid its at any rate may l>o pi evented by administering 
alkalis ultra i cnously and bv mouth 

The to\Ic theory 

Having narrow ed down the cnn«ntne agent to the haemo 
globm factor there remains to ho disprov cd tlic theory that free 
haemoglobin is toxic to the bidncxs In this connexion it Jins 
been suggested that the production of a toxic nephritis by tho 
circulating haemoglobin is the primary and most important 
effect of an incompatible transfusion or alternatively that the 
haemoglobin has a toxic v asoixmstrictor affect upon the renal 
vessels (Mason and Mann( 1911) Hcvse and I ilatov (19J1) and 
so limits excretion bx diminishing glomerular nctmty The 
Itussian workers nlo believe that the lumbar pnn is due to 
the spasm of the renal arteries and is nil ischaemic symptom 

The toxic thcorx has been challenged l*v II \l cr (10*17) who 
USAs fho outstanding fait xxhich cannot be explained by any 
of the Miggested alternatives is that under certain conditions a 
gross Jiaemoglohinurn mi> occur without nnj ovidcnce of renal 
damage whereas under other conditions the accretion of urmc 
is suppressed In other words it is not reasonable to suppose 
that hicmo n k»bm nmx lie toxic on some occasions and non 
toxic on other# 

In man hnemoglobmum without appreciable renal damago 
liny occur in 

(i) Paroxysmal Jinemoglobniuna 

(») Blackwnter fever pirtieularlx in cases treated with 
alkalis Fspcrimcntallv also a harmless hacinoglobimcnn was 
produced m man li\ S;Uard* and Minot (1910) after the mtnv 
xenons injection of haemoglobin and in animals normally 
secreting an alkuhnc unne— for cxnni|le rabbits — (he inns 
fusion of filtered haemoglobin solutions is harmless On the 
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other hand, m animals secreting an acid nnne, the injection of 
haemoglobin produces a renal suppression 

It would seem that the part plajcd by toxins in cases of 
incompatible blood transfusion is probably a secondary and 
minor one Some toxins may possibly be derived from broken 
down haemoglobin products, and by circulating exert a secon 
clary effect upon the liver and other organs, 01 may it not be that 
theso\isceia are affected as a result of the long standing suppies 
sion, hj retained products of metabolism normally excreted m 
the urine 1 

DIAGNOSTIC PROCEDURES FOLLOWING A SUSPECTED 
WRONG GROUP TRANSFUSION 

1 Speciroscojnc examination of the plasma for cxtracorpus- 
cular oxj haemoglobin and methaemalbumm and chemical 
examination for hyperbdinibinaemia bj the van den Bergh 
test 

2 Urinary examination tins should include spectroscopic 
examination for oxyhacmoglobin and methacmoglobin, 
and a microscopical examination of the centrifuged brown 
deposit for red blood corpuscles and casts The total 
volnmc of urine passed should be careful!} recorded 

3 lie grouping of donor and recipient with 

(«) Stock sci um — high titre 
(6) Stock cells 

1 lie cross Matching of donor and recipient 
(a) Naked eye 
(&) Hanging drop 

Diagnostic Confirmation 

The presence of lmemoglobinaemia and lmcmoglobinuria con 
stitutcs the most reliable tudenco of a haemol}tic reaction 

I Haemoglobin and its dertialites in the plasma (Tairle} ) 

In collecting blood for this purpose care must be taken to 
prc\ent plasmoUsis or reduce it to a minimum A dr} syringe 
and needle should be used and blood, obtained by venous 
puncture, slovlj run into a stenlo tube containing oxalate 
solution or heparin, this should be gently m\erted two or 
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three t>mes to ensure mixing Subsequent!) the sjiecimen is 
centrifuged, the plasma careful!) jiqietted off from t!io sedi- 
mented corpuscles nnd examined spectroscopicnllv If 0 \)- 
hiicmogtobin is present the characteristic sjiectriNCopie picture 
w scon with a sliarpl) defined a lnnd m the ) ellow nnd a $ 
band in the green An additional band m the red portion of the 
spettnim is a Wo gcnenUv c\ ident a few hours after the on*ct 
of anj severe intravascular hnemoljsts such oa occurs in hlaeh 
water fever Tairlev nnd llromficld (1937) Imre shown tins is 
due to nielhaemalbumm (pseudo nictlmcmoglobm) which mav 
need to bo differentiated from two other blood pigments n!«o 
giving an a band in the red jiortion of the sjK*ctruin name!), 
metli lemoglobin and etil phncmoglobi n *lhe methods of doing 
bo arc epitomized in the Table l>elo\\ 


Difference* beitceen certain lilood Pigment* tn man producing 
a broxm plasma and presenting an ilpha band m the lied 
jiorhon of the Si»ectrum (['air lev 1030) 


T'H 




am »n «»•««.« 
</««**• 
wtftkitrmttfti IK) 




l/x-riloa 

I option of • UnU 
V *nu io- 

nium aulpl 1 l» 

Out til ini puJphlle 
110 l»t «nLl 
St In > msont 
(fresh) 

Solium t jdrnwil 
riiic(N»,s o,i 

lIl-lnT-n prruslln 
(10 vnls.) 


lUu 


can uvulit lutru 
* ««in l 

lltst* rv 1 (H«nnv 
| rlirumocrn) 


UwA 

PUl«rtVst 
(Itnlncpit 
I u.u*>glut in) 
Plsprnnl 

l>tirprrw\l 


IHujw r»"l 

<IU»l«o l 
hwm *.1 >Mn) 
IHiprOnl 


U!i prrv .1 (Hifinji) 
hutuln) 

lYr»i.U fw »miu* 

I Unti 


v ttUr 


^ I niltrrnl 
j InaUrrrd 
t nnllrml 


Slto-lx Usprrwsl 


Actuail) t ho « baud of imtliacinalbumm (0230 \ ) lies mid 
wnj lietwocn that of methncmoglobm (0300 A ) am! milpliaemo 
globm (filhO \ ) but their identification spectroscopically is 
diflicuU unless a Hnrtndge rev era ion ajiectroscojie is used How 
ever, the addition of a few drops of concentrated ammonium 
Biilphuio to the plasma leave* tlie spectrum of Hulphacmoglolwi 
uncJtanged whereas that of incthnemoglohin is converted into 
reduced haemoglobin and that of mctliaemalbtumn into n 
typical haomoehromogen A feu drops of a weak solution of 
nnmtomum sulphide (lo |>er rent ) or of Stokes s reagent 
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disperse the spectrum of methaemoglobm hut not that of 
methaemalbumm or sulpliaemoglobin By theso and other 
chemical means, summari7ed in the lable, these three pig 
merits can be readily differentiated and identified 

Haemoglobin and its dematives in the urine 
The presence of oxyhaemoglobm and metlnomoglobin in the 
urine is a valuable indication of intravascular haemolysis It 
may, however, be absent in nnld cases of haemolysis n here the 
renal threshold for haemoglobin has not been exceeded or when 
there is only a transient hacmoglolununa and the first specimen, 
containing much of the excreted pigment has been discarded 
without examination This may readily happen where the 
nurse has not been warned of such a possibility Also, in so\ ere 
cases where the patient rapidly becomes anuric omission to 
examine the early specimens may preclude tbo possibility of 
examining any 

If the urine is bright red in colour it contains oxyhaemo 
globm and is generally alkaline in reaction More frequently it 
is claret or porter coloured then methaemoglobm is found and 
the reaction is generally acul Both these pigments are readily 
demonstrated spectroscopically, but in milder cases it is ad 
\isable to examine thick layers of urine (6-10 cm ) before 
deciding that blood pigment is absent A brouoi precipitate 
containing debris and granular casts, but not led blood cor 
puscles, is very characteristic of the sc\ crer cases w lth methae 
moglobmuria Its brown colour is legarded by some as due to 
acid haematm derived from methaemoglobm 
The fate of the circulating haemoglobin may be conveniently 
considered at this stage I am indebted to N H Fairley of 
London for the substance of the account which follows 11ns 
incorporates his recent important contnbutions to the subject 
of plasma pigments 

The Fate op Extra corpuscular Circulating 
H VEMOOLOB1N 

Following a se\ere intru\ nscular haemolysis such as may 
be encountered in incompatible transfusion, three different 
mechanisms for tho disposal of cvtraeorpuscular haemoglobin 
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may come into plav (1) If the renal threshold ho ext ceded, 
oxj liacmoglobm, and general!} mcthacmoglobm as well, appear 
m the unne The quantitative studies of Yorke, Murgntrojd, 
and Owen (1930) in blackvvntcr fever indicate that not more 
thm 10 jier cent of tho extracorpuscular haemoglobin derived 
from the intravascular haemolysis of ml cells is excreted m 
the urine (2) Part of the circulating ox} haemoglobin is nb 
sorbed by tho cells of the rctiuilo cndothcinl s}stcm and con 
verted final!} into bilirubin w Inch ahva}H circulates in tlio blood 
in increased quantity in intravascular hncmol}Sis According 
to Lemberg (1037) verdolncmochromogtn and bihverdm form 
essential mtcrmediars stages and are precursors of bilirubin m 
this t} pe of haemoglobin kntabohsm (3) The remainder of the 
haemoglobin not disposed of b> these tw o mcchamsniB persists 
in tho circulation where it ultimatelv splits into linem arid 
glolun the haem w oxidized to haenntm, vvjiich ns Fuirlov 
(193S)has rccentl} shown couples with serum albumin to form 
a new pigment — raethacmalbumm 

Methaemalbumln 

Methaomalbnmin npjicnre to be proiluced in all severe eases 
of intravascular liacmol}6is including incompatible blood tram 
fusion and in tho past has been confused with met haemoglobin 
owing to its somewhat similar spectroscopic appearance and 
chemical behaviour It is not a threshold substance for tho 
Itidnc} and 13 not found m tho unne 

I aide} (1930) recent!} reported that follow mg intravenous uv 
lections of hat matin in man nnd morikev s methnomalbumm v as 
1 mm cdi at clj produced, and Kiinmgton (lf>3*>) working on the 
same subject demonstrated a marked increase in tho porph} rm 
content of the stools following hncinatm injections It would 
npjiear from this reetnt work that met haemal bn mill m main!} 
dealt with bv the liver giving me to nn increased excretion 
of porphyrins which arc known to bo exert ted m larger amounts 
m the lioemoglolmiun is and eertam hftcmol>tic anaemias 

Post Moim.ii Am vuances 

1 he post mortem appearances arofnirlv constant and tv pica 1 
and havo been described in detail h> Bor die} (1931), rurnbull 
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(1936) Witts (1929) Biker and Dodds (1925), Payne (1934) and 
Plummer (1930) The renal change? which are In lateral are 
characterized by 


The Kidneys 

Naked eye 

The naked eye appearance? are variable and not ver y dis 
tmctive 

The Kidneys are usually enlarged and sw ollen This appears 
to bo produced in part by oedema and cellular infiltration of the 
interstitial tissue and m part by tho dilated and degenerated 
tubule? 

Tho Cortex as a rule is enlarged and congested It may be 
pnlo if there is marked tubular degeneration 

Tho Medulla is typically striated with reddish brow n mark 
ings duo to the deposits of tho granular material in the collecting 
tubule? 

The Renal Pelus may be pale or speckled with petechial 
haemorrhages 

Microscopic 

The lumen of tho proximal tubules tends to be collapsed but 
tho collecting tubule? are filled with a granular debris tho colour 
of brow n sugar Tins haemorrhagic reticulum entangles numcr 
ous red cell? leucocytes and desquamating epithelial cells 

The exact chemical nature of the granular debris has not yet 
been determined but that it is certainly a haemoglobin denvativ e 
is proved by the fact that it gives a positn c benzidine reaction 
for organically combined iron although it does not give the 
Prussian blue reaction for inorganic iron 

Tho lining of the tubules is degenerated in places elsewhere 
there is simply a cloudy swelling There are no necrotic or fatty 
changes in the lining epithelium and no evidence of an inJIam 
matory process m the form of round cell infiltration Cellular 
infiltration only occurs in tho Into stages and is confined to the 
interstitial tissues The other kidney changes are less constant 
Bowman’s capsules arc variously described as being dilated or 
collapsed The degree of dilatation of the tubules and of Bow 
man s capsules possibly depends on the extent and level of the 
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obstructing precipitate If the obstructing dobra extends as 
high as the second convoluted tubule (Biker and Dodds first 
case) it is likely that Bowman's capsules will be distended if it 
is confined to the lower parts of the collecting tubules (Baker 
and Dodds second case) the proximal part of the s\stcm may 
show no sign of distension It must also be remembered that 
onlv a certain proportion of the nephrons or function'll units of 
the kidney are working at an) given tune 

The liver sometimes shows central necroses and other organs 
such as the lungs stomach and duodenum maj show petechia! 
haemorrhages which suggest that though the kidneys may bo 
primarily involved the reaction is a more generalized one than 
is generally supposed 

The difficulty w that only very few post mortem examinations 
liftvebeenmadeonthiseonditionnndrarel) has the opportunity of 
more than ono such autops) come the w a\ of ari) single obscrv or 

Prognosis 

Once the immediate reaction has passed the prognosis would 
appear to depend upon 

1 The amount of incompatible blood introduced (llordley , 
10J1) 

2 The particular sensitn it) of the indiv idunl to the products 
of the interaction 

3 The existing state of the kidnC)S at the time of the trails 
fusion (Bnnes 1930) 

4 The seventy of the disorder for which the transfusion was 
given together with the general health of the patient 

In a series of seventeen cases reported by Bordley there was 
no instance of death occurring following the delayed reaction 
in patients receiving less than 3*50 c c No case receiving more 
than 540 c c recovered These figures relate onlv to the prog 
nosis for the delavcd reaction since theoretically 10 cc may 
lie enough to produce an acute hacmoly tic response w ith collapse 
from which the pat icnt may not recov cr There is thus a reason 
able chance that if incompatible blood is given it w ill not pro 
due© a fatal reaction and this is particularly unlikely if (1) the 
operator is on the w atch for the classical early kv rnptoms already 
emphasized, and (2) the amount introduced is less than 300 c c 
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Mortality. 

It is very difficult to obtain accurate figures relating to the 
mortality from blood transfusion, particularly as the tendency 
is to report deaths due to wrong group transfusions only My 
own impression is that deaths from circulatory failure form a tery 
much larger group, but these cases only rarely find their way into 
the literature For this reason the following table probably 
considerably under estimates the number of deaths which 
should bo directly attributed to blood transfusion 


Jleported by 

1 

Nun ber of 
transfusions 

1 A umber of 
dealt s 

| Percentage of 
deatl s 

TJnnes 

1 1010 I 

4 000 

2 

1 0 0.) 

DeGawm 

! 1938 ' 

3 500 i 

7 

02 

Folny cs an 1 Morrison i 

1 1932 

1 500 i 

0 

0 9* 

\\ .Us 

i 1020 1 

3 430 

5 

0 14 


• 1 000 patients were transfused and tho percentage fatalities calculated on 
tha fig iro 


Investigating Tiir Cxusr of a Reaction 

If tho reaction is haemolytic m type it may be due to 

1 11 rong grouping of tho donor or recipient or both 

lo investigate this possibility the potency of the typing serum should 
first bo confirmed, anil then the grouping of both donor and recipient 
repeated with stock serum and stock cells Too often retyping is carried 
out with stale serum and stock cells are not used at all A sample 
of tho recipients scrum should bo obtained at the earliest possible 
opportunity anil examined Bpectroseopically for Oxy haemoglobin and 
methacmalbumm IF tho grouping is correct bey ond doubt it is possiblo 
that tho reaction may bo due to 

2 Tho interaction of an accessory agglutinin (C) agglutinogen (y) 
pair of factors This coincidence is possiblo at tho primary transfusion 
but 13 more likely to occur at a subsequent transfusion particularly if 
tho smno donor is used again 

In tlieso circumstances tho cross test should bo repeated when it will 
reveal tho incompatibility Further confirmation of tlio presence of such 
an accessory aggfutmm can he obtained by putting up tfie recipient a 
serum with group 0 cells when agglutination will bo found to occur in 
a certain proportion of cases (Group O colls do not normally contain any 
agglutinogen factor) By absorbing tlio normal iso agglutinin in tho 
recipient a serum by exposure to the appropriate red ct Its tfte anomalous 
agglutinin could bi isolated and studied 

In tho coso of a retmn.sfu.sion reaction following tho nso of a different 
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donor it is inon IM} that the reaction w due to the presence of anf » \I 
(or N) agglutinins in the recipient’s serum In this case aLo the cro>w 
test will show th incompatibilit] Tlie presence of tho W or IS factor 
m the donor is readdj confirmed bj tho use of immuno mitt M or 
sera 

3 Tho u-so of a high <Urt donor of different group to tho recipient It 
W possible that m ill -so circumstances the contained agglutinins havi 
caused hncmolvar* of the recipient s cells 
In such a case tho titro of the agglutinins m the donor a serum should 
be (MtinintrO Reactions in tliose circumstnnces nrc m nt hholj to occur 
when n group O is given to a group All 
Tlie more anaemic tho patient the more liable is the incoming scrum 
to givi rise to trouble 

■I In certain circumstances tho 1 lood mn3 bo nlnadx partly hacnio 
lysed la foro it is introduced into the patient 

(i) Ox irhoating of tho blood The temperature of fl o water surround 
mg the blood -container should neiir la' raised ol»ox o IO-t°F or the 
corpuscular envelopes mav be ruptured 

(it) 1 rtxiuig the blow! If the blood has been 1 cpt at freezing point 
or below haemotvm of tho cells will occur on thawing For this reason 
the average domestic refngimtor » unstated to th« storngo of Wood 
(in) Prolonged htorogi 11 lood corjnwcles which hnvo l>een conserved 
btxond a certain time tncrcaoi in fragility and rtwhlx hnemolvw At 
present tho limit of an ft storage ui citrate solution appears to bo 
onl> uW ut 8 days and rather longer when glucose w added to t) o 
citrati 

(iv ) Mixing the blood If the blood of two or more donors u allowed 
to mix in the reservoir before infusion there w the risk that irregular 
ogglutination wait toko flici 

(v) \ igorom stirring during collection or agitation during transport 
Hie commonest cause of on obscure liaomolytic reaction w income/ 

j ritluint grouping 

If tin riaction m febrile in ivpe and jinrtictilarlj if o considcruht » 
ptre« ntngo of alt transfusions is lx ing followed by (his tv pc of reaction 
It will Ik well tonxvn th possible cmws Tim cause nun bo found in 
1 Tl * oppurafu* and so/it/ions Tlie cleaning and stenh/mg of tho 
•hfTi rent ports may In imperfect Sour will turn wlmtir von j*>nr — 
m vessel not ijuiti chan b*forc Rubber bungs nerd I -s flasks and an 
forth shoul 1 l>o nAiwnni for ev idt nee of old blood -clot and instructions 
given tut to how this inn lie removed Tubing maj guo rise to t rouble 
In two ways New tubing usually contains jwwdaml branch chalk in 
th< lumen and tubing which luw l>ccn ami b* fora inn) contain dried 
blood Doth can be sat isfnctonly reinoiis] by boll nu •ft ith soda Tie 
in thod or j n paring tl o solutions — citrati and mime — shout 1 also 1m 
investigated with sjieciol n f 'rents to the fethnnpie of distillation 
(purification) Tlie duration an l conditions of storngi and concentmtion 
and dtwrtgo of the citrate should flUo be examined 
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2 In the technique Hero tho inquiry may be directed along these 
lines 

(а) In collecting the blood Was the blood adequately nitrated T 
Minute coagulattvo changes are possible if tho dose « too small On tlio 
other hand, »f tho dosa is excessive, osmotic and toxic effects may bo 
produced Was tho blood \ lolently agitated or stirnd during collection 
or transit J Was there any possibility of contamination by droplet 
infection — talking, laughing or coughing T 

(б) In transfusing the blood Was the temperature of tho blood carefully 
controlled 1 Inn relatively rapid transfusion tho introduction of blood 
at a temperature below that of tho patient is particularly liable to bo 
followed by a rigor The clinical picture will be exaggerated if cold 
agglutinins are present m addition 

Was tho patient exposed for an unduly long time while tho needle or 
cnnntda vros being insetted * 1 have repeated!} obseri ed that when the 
introduction of tho blood has been held up by technical difficulties tho 
frequency of a post transfusional dull or rigor is, high 

3 In t) 6 patient It is well to remember that certain illnesses nro 
more commonly associated with reactions than others in general medical 
rather than surgical illnesses tho clironic sick rather than tho acute 

If the reaction Is anaphylactic or allergic In type 

Tlio anaphylactic and allergic reactions are essentially inter sera 
reactions as opposed to tho haemolytic w Inch is a scrum cells reaction It 
ls important to bear this in mind in seeking for tho cause 

The donors and recipients history in relation to tins subject must 
bo carefully examined and individual idiosyncrasies of an allergic nature 
sought for Tho question of food sensitivity and tho possibility of a 
culj able circulating substanco in tlio donors scrum nt tho time of tlio 
transfusion will have to bo excluded Contacts made by the donor to 
which tho recipient is also sensitive may also afford an explanation af 
an obseuro reaction 
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CHAPTER IX 

THE PRINCIPLES OF DOSAGE IN BLOOD 
TRANSFUSION 

The principles of dosage outlined below are presented some 
what dogmatically The alternative was to be vague and 
uncompromising I have tried to mellow the full blooded 
quantitative approach to the determination of dosage without 
destroying its essentially constructs e basis, but the subject is 
by no means as simple as it is set out Paradoxically blood 
transfusion after a severe haemorrhage actually depresses the 
bone marrow , and it may be that in certain cases of chronic 
anaemia too massive a transfusion will defeat its own object 
by removing the stimulus to new blood formation 
For purposes of description, although this rule must not be 
applied too rigidly, there are two mam ‘sizes' of blood tram 
fusion, the small volumo transfusion of approximately COO c c. 
and under, and the larger volume transfusion which is given at 
a drip rate over a prolonged period of time and mvolv es the use 
of more than one donor The decisive factor in determining 
which of theso two types of transfusion will bo used is tho 
presence, or absence, of anaemia But it lias constantly to be 
remembered that blood transfusion is only a temporary method 
of making good a deficiency of red corpuscles 

In the absence of anaemia. In the absence of anaemia 
the blood is usually given (i) as a haemostatic, ( 11 ) to increase 
resistance, or (m) in the treatment of shock In these circiun 
stances a small volume transfusion of 200 to COO c c is all that 
will be necessary or of benefit, for in conditions unassociated 
w ith an anaemia, it has been w idely observed that no additional 
ndv nntngo is to be obtained from transfusions oflarger volumes 
Examples of conditions for which a small transfusion is indi 
cated are haemophilia, thrombocytopenic purpura, and sepsis 
It may also be of value when administered to convalescent 
patients who arc not progressing as they should be 

In the presence of anaemia. In the presence of anaemia, 
whether acute or chronic, it has for long been the custom, 
regardless of the stature of the patient or the degree of the 
z 
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anaemia to transfuse an arbitrary volume of blood This is 

usunllv a pint — an empirical quantity Timing no clinical or 

tun matf cmahcal significance armed at In considering the 

quantity of blood winch cm safclv bo withdrawn from one 

donor rather than the amount which should lie given to the 

patient 

Attention was drawn to this empiricism m 103j m mi impor 
tant p iper by Marriott and Kehw ick Thev suggested that the 
usual transfusion of WO ce given to a case of anaemia was 
probably quite inadequate since if we assume the total blood 
volume m ft normal Adult to be G 000 e c a transfusion of 
r 00 c c can and does raise the haemoglobin of the recipient b\ 
only 10 per cent and in a patient with a reallv low percentage 
of haemoglobin this will be of little benefit They therefore 
sought to establish the principle thit tho quantity of blood to 
be transfused in anaemic eases should lie regulated with a view 
to restoring tlu. haemo e lobin to within normal hnuts 

Tlir PRODUTtf OF DOS \GF 
In tile treatment of a sev ere anaemia the aim should ohv lousty 
he the restoration of the blood count to normal and the question 
arises ns to whether this is best brought about by n full quanti 
tativc rcplftccnu nt of ted cells h\ transfusion or whether the 
transfusion she uh! aim at a partial replacement only the rc 
ninming deficit liomt, made up bv other menus I be pnneiple 
of tbc large v olumc transfusion — that is the quantitnt iv e rt place 
meat of red corpuscles — is not intended to lie applied wholesale 
to nil tyj>es of severe aimnnn lor example it is clearly 
unnecessary to replace red corpuscles quantitatively in those 
an at mins which will respond to iron or liver medication 
My own experience *uj.gest« that attempts to achieve full 
restoration of the hiemoglobm to within normal limits arc 
unnoeesriary in acute anaemia and unsafe m the chronic forms 
On the other hand it is very important that wo should not 
revert to the gencmllv inadequate dosage that has been so 
widely emj loytd up to the { resent time 

ihcoj timum dosage in the severe anaemias would seem to he 
hi tween the two extremes* that hnvi lieen described Tlie small 
•volume — pint sire — transfusion is insufficient in these cum* 
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ancl the large \ olumc quantitative replacement of blood is 
unnecessary 

A GuiDr to Dos\ol 

Severe anaemias of rapid development — Acute 
anaemias 

Although the haemoglobin deficit when this is known forms 
the working basis from which the dosage will be calculated in 
ill anaemias it follows from what has already been said that it 
wall generally be unnecessary to make up by blood transfusion 
the whole of tins deficit The extent to which the haemoglobin 
should bo raised by blood transfusion will depend essentially 
upon the urgency of the need for red corpuscles in other w ords, 
the clinical state of the patient Thus after a sudden severe 
haemorrhage it will bo important to raise the haemoglobin to 
a level at which the physiological powers of accommodation 
nny become effective — this as Keith (1010) has shown is in 
tho neighbourhood of 75 per cent of haemoglobin The rc 
generative power of a healthy individual who has suffered a 
sovero haemorrhage — provided some considerable portion of tho 
lost blood is restored — w ill be more than equal to making up the 
balance without undue stiain upon the blood forming organs 

Severe anaemias of gradual development — Chronic 
anaemias 

In those anaemias on tho other hand in winch there is no 
particular urgency for a ripid return of the haemoglobin to 
normal tho dosage of blood will dci»cml upon the extent to 
which the patient may be expected to resjiond to iron or liver 
therapy beforo and after the transfusion 

The temporary type of chronic anaemia 

In attempting to assess tho dosage in the chronic annetims 
wo must remember that blood transfusion is a therapeutic 
remedy not without risk and we should aim at raising tho 
haemoglobin only so far as. is necessary and of adv antago to the 
patient The optimum leiel as stated above is that from wlucli 
one can reasonably expect to restore the haemoglobin to normal 
by iron and other means In a chronic anaemia of long standing 
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I would mm at transfusing bach to 75 ]>er cent haemoglobin 
and m one of shorter duration when the hacmopoirtic system 
is general! v less exhausted to fO per cent haemoglobin By 
the old standards these figures would hn\e been much loner In 
the quantitative standard*, somewhat higher 

J Jler transfusion it will nearly nlwavs he possible to rane 
the haemoglobin to within normal limits by iron if we are 
not in too much of a hurry to allow a projier course of this 
drug to tako full effect One of the find prim iples of medicine is 
to cmplot the natural mctlioxl of cure and it is surprising Jiow 
effective this can be m these particular circumstances if it is 
conscientiously earned out In sonic cases if the patient is seen 
in the Out patient department with anaemia from a chronic 
moderate menorrhagia for instance it will bo pcKsillo In 
instituting iron treatment with rest in l»ed if necessary to 
prepare the patient for operation preferabh 601110 six weeks 
Later without a transfusion at nil 

The permanent type of chrome anaemia 
If the anaemia ls of tlic permanent type such ns aplastic 
anaemia which does not respond to iron or liver it will bo 
iicecs.sarv to rely entireh upon blood transfusion Die optimum 
level for each patient will have to be found by trial 

borne authorities would maintain the level at (!0 per cent 
others ns high ns 80 per cent the question is still unsettled 

Set ere anaemias requiring immediate operation 

In recent or long standing severe anaemias requiring umne 
diatc operation a enfo operative level to aim at will 1 «j 7 r > per 
cent of Uni moglohm 

Haemoglobin raised bj stages 
Although the haemoglobin may be verv considerably raided 
bv the drip technique without disturbing the blood volume or 
overloading the circulation it is not in all case* m the l»est 
interests of the patient to do this m one stage 

It is a good rule not to rni«e the haerncglobm bv more than 
30 ]>er cent at n tune— that is to sav, no single transfusion 
should exceed approximately 1 TOO cc in volume \muunts 
greater than this should be given in two or more «tng< s 
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Indications for large tolume transfusions 

Relatively large \ olume transfusions are primarily indicated 
m severely anaemic states requiring immediate operation — 
that is to say, in individuals in whom it is necessary to raise the 
Mood to a safe operative level rapidly , for example, a bleeding 
peptic ulcer or bleeding uterine fibroids 

Largo volume transfusions are contra indicated in those 
anaemic cases in which the time factor is not so pressing and m 
which it wall bo possible to restore the blood count, partly by a 
small transfusion and partly by iron or hv er therapy 

THE CALCULATION OF THE DOSAGE IN 
ANAEMIC CASES 

The baais on which the dosage is computed will depend upon 
whether the haemoglobin level is stabilized or not In the 
chronic anaemias the haemoglobin level at anv given time can 
bo accurately determined, and the dosage can then be ealeu 
lated In acute anaemias however, for some hours after the 
haemorrhage the blood remaining m the circulation is being 
diluted by the tissue fluids so that the true haemoglobin level 
cannot he estimated In these cases the dosngo must be deter- 
mined by some other means 

When the haemoglobin level is stable 

In the chronic anaemias and all cases of severe haemorrhage, 
12 hours or more after the bleeding has stopped the dosage can 
he based on the haemoglobin deficit To calculate the volume of 
blood that will bo required the following data must bo known 

1 The haemoglobin level of the patient to he transfused 

2 The volume of blood that may be expected on transfusion 
to raise the haemoglobin level of the recipient by a constant 
percentage 

If ne assume that the total blood volume of tho average 
adult is 5,000 cc and that the cells are carrying a full 
complement — 100 per cent of haemoglobin — then one tenth 
by volume of this — namely, 500 c c — will correspond to 10 per 
cent haemoglobin For practical purposes m determining the 
dosage it may be assumed that a transfusion of 500 c c w ill 
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raise tlio liacmoglcbin of the recipient In 10 per cent The 
normal range for the blood volume js G 000 to C 000 c c r so that 
rather more blood will be required bj licavilj built people 

Let ms take an imaginary patient with chronic anaemia 
requiring immediate ojvemtion bupjKv-e the haemoglobin i* 
JO per cent —a saft operative le\cl to mm at will be 7o per 
cent — in other words the haemoglobin will ha\o to be raued 
In -15 per cent According to the data above this pitient 
will it quire 2 700 c t Transfusions of tins magnitude must be 
£,ncn in two or more stages 

When the haemoglobin level is unknown — in acute 
haemorrhage 

This w ill npi ly to cases of haemorrhage reen immediate! v 
after the blood loss and up to apj roxnnntel) 12 to 24 hours 
later In which timo tlio blood voluine-tissuo fluid balance 
will bo stabilized 

It lias been said that haemoglobin estimations immediate^ 
after a severe haemorrhage are of little value and it is clear that 
Mood volume estimations at this stage are inij racttcablo (see 
discussion p U7) ami that actual measurement of the blood 
lost mas not be possible What basis then is left for com 
putmg the dosage ’ This must bo determined on the clinical 
aspect of the case Keith ( 11 ) 11 )) bus (xunted out that if serious 
svniptoms nro present it mav conhdentl^ be assumed that lie 
tween one quarter and ont half of the blood volume lias been 
lost A transfusion of between 770 c c and I 700 cc will there 
fore be required to 1 ring the haunoglohin bad to the 77 per 
cent murk (p 1IO) \n the transfusion doulv proceeds moro 
accurate estimations ot the haemoglobin level will l»e jiossdile 
w> that tho vmtivl dosage pn>j>osed win l>e n assessed and 
alien d if need be 

T11F PIUNCin rs COVrnNING T11F RATF Ol 
INTRODUCTION 

Of the two jKnnts of fundaimntal imjiortnnoe in connexion 
with thendiuimstmtionofthe blood in transfusion namelj the 
rate of introduction and the quantity introduced it is mj own 
oj mion that the rate of uitroiiuction is the mure import mt 
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I liavo m this hook avoided the term 'continuous drip trans 
fusion as there has been a tendency to interpret tins phrase ns 
synonymous with transfusions of large volume I personally 
believe that almost all transfusions should be continuous drip 
transfusions, that is in the sense that the blood is administered 
at a drij> rate , and it is my own piactice to ‘drip’ every patient 
that I transfusp, with the exception of those who need a ripid 
replacement of red corpuscles because of a severe haemorrhage 
— and these do not amount to as many ns one in ten 

It may be argued that there is not time to give all transfusions 
at a drip rate In practice I find that they take up less time than 
the more rapid method which requires the operator s presence 
throughout the transfusion Once a drip transfusion lias been 
started it can be left to gne itself It may also be felt that a 
drip rato is unnecessary in tho majority of transfusions On the 
contrary, I believe that if we arc to make blood transfusion 
safer than it lias been m the past this is the most important 
single measuro towards achieving our object and for these 
reasons 

(i) The rink of overloading the circulation is minimized In 
anaemic cases of long standing the cardiac muscle also 
becomes anaemic so that the mechanical efficiency of the 
heart is greatly impaired I ho rapid introduction of even 
a small v olume of fluid in these circumstances may 
precipitate heart failure I have seen this happen on one 
occasion after 40 0 c c had been injected the patient de 
volopmg acute pulmonary oedema a few minutes after 
tho transfusion had been completed and dying withm 
half an hour 

(u) Reactions m the form of chills or rigors are fewer Some 
grade of reaction is almost invariable following trans 
fusion by rapid methods in a severe medical anaemia 
If this reaction should take the form of a rigor tho extra 
mechanical strain thrown upon an already weakened 
myocardium mav produce acute circulatory failure Sly 
own reaction rate (rigors) since I have adopted the drip 
rate has dropped from 20 to 11 per cent 
(in) Interaction between tbo patients corpuscles and the 
agglutinins in the incoming scrum is slow ed up If blood 
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h introduced rapidly into a vein, the serum fraction 
nuxcs immediate!) with the venous Wood of the root 
pient and is ver) little, if at all diluted until it lias l>een 
redistributed b) the heart throughout the systemic cir 
culation If the agglutinins in the transfused serum aro 
for anv reason incompatible with tho recipient s cells 
agglutination of these cells innv be produced If, lioir 
ever tlio blood is being Ten slnwli introduced tho 
incoming serum agglutinins will be immedintch diluted 
bv the coniparatiioh large volume of blood in tho vein 
and even if mconip.it ibh it is unlikcl) that the) will 
exert a maximum effect Furthermore at this alow rato 
it is tikcl) that the bulk of tho agglutinins introduced 
will Ic immobilized bv absorption 

THE RATE OF INTRODUCTION 
In Adultft tho exact rate of introduction ahould dtpend upon 
such considerations as whether the transfusion is one of smalt 
or large volume the urgencs of the demand for oxvgen earn 
ing tells tho duration of the nmcinm the met hnmcal efhcienc) 
of tho hiart muscle and upon whether the case u> still bleeding 
or not 

In Lutor \ou.vtc Thanh ist<v*>s 
In large volume tmn«fusions the nto of introduction should 
depend on whether the patient is bleeding or not 

In non-bleeding patients 

In non bleeding patients "Marriott and Helen ick (1D*T>) linvo 
found b) cvjiencneo that a safe rato of introduction of the blood 
m f»00 rc in 4 hours Tills is onotherwa) of saving, n rise of 
the haemoglobin projKirtion b) 10 jkt cent 1 hourl) In non 
bleeding adult patients tins am lie achieved b) rimintatmng n 
<lnp rate of JO droj s a minute A trinsfu«ion of, saj , I 500 c c 
ahould therefore take not less thnn 12 hours 

In bleeding patients 

In Weed ingpattenta the rateofintrodurtion must be accelerated 
to keep pace w jth the loss of blood The same — <0— or n slight!) 
faster rite— up to CO drops a minute — should bo used to start 
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with Repeated haemoglobin estimations mil indicate how 
fast the Wood should bo allowed to flow Cl carl} if consecutive 
readings show a fall in haemoglobin percentage the pace will 
have to be quickened 

In Small Volume Transfusions 
It should he borne in mind that a small volume transfusion 
is not necessarily synonymous with a rapid transfusion It 
may ho but the state of the heart must always be assessed 
first A 600 c c transfusion which can safely he given in less 
than 30 minutes to some one with a normal heart it ill pre 
cipxtale leart failure m an individual whose myocardium has 
for a long time been incompletely nourished with blood or 
weakened by toxins This question is more fully discussed in 
Chapter VIII I find that less than one in ten of the patients 
that I transfu 80 can safely be given this rapid type of trans 
fusion 

In tl e few cases tn which tf e myocardium is normal blood 
may bo introduced in small transfusions to adults at tlio rate 
of 100 c c in 6 minutes At this rate a 000 c c transfusion 
will tal e half an hour This is the maximum rate permissible 
To be on the safe side it is my own practice to take 45 minutes 
to give a pint of blood to this ty po of patient 
Such small volume rapid transfusions will usually bo given 
(i) In urgent cases of severe anaemia due to haemorrhage — 
provided the bleeding has been arrested by ligature or 
suturo 

(u) In a few cases of mild chronic anaemia of recent develop 
ment in which it is not required to raiso the haemoglobin 
by more than 10 to 12 per cent This will apply particu 
larly to convalescent cases — vv hethcr medical or surgical 
— winch have come to a standstill m their ] rogressaml 
in which the transfusion is being given as a general 
stimulant and tome 

WEIGHTS AND MEASURES 
One pint corresponds to 668 c c or 20 fluid ounces 
100 per cent haemoglobin (Haldane) corresponds to 13 8gro 
per cent haemoglobin 
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CHAPTER \ 

THE CONTRA-INDICATIONS TO BLOOD 
TRANSFUSION AND SOME PRECAUTIONS 

Although absolute rules cannot be laid don n forbidding tbe 
administration of blood to any giv cn patient there are circum 
stances in which transfusion is usually contra indicated and 
occasions when it will be wise to review very carefully the 
existing conditions and prognosis before deciding to give 
blood 

Cardiac failure or disease is the most important contra 
indication It sometimes happens however that for example 
a girl with an uncompensated mitral lesion requires transfusion 
as a result of an accident or an obstetric misadventure In these 
circumstances the transfusion should be given at a drip rate and 
possibly be preceded by a venesection 

Transfusion in the presence of severe anaemia or gross 
sepsis 

Severe chronic anaemia and gross sepsis are indications for 
rather than contra indications against transfusion but they are 
included m this section to draw attention to the care that must 
be taken in transfusing these patients if severe and possibly 
fatal reactions nic to bo avoided 

It might be well to formulate a rule that these transfusions 
must be given at a blow drtj) rate There is no exception to this 
rule for the rapid introduction of blood into these pitients if it 
docs not produce heart failure from piimary overloading of 
the toxic or anaemic myocardium will almost certainly be 
followed by a rigor and the onset of cardiac failure secondary 
to this 

The direct test has to lie made with care for the greater the 
anaemia the more marked wiff he the effect of rumor degrees of 
incompatibility between donor and recipient Unfortunately, 
1 seudo agglutination is v ery common in these cases and makes 
the determination of comj atibihty inoro difficult If the recip 
lent h serum is diluted w ith a drop of normal saline there is 
usually no difficulty in coming to a decision (p 4 4) 
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Chrome nephritis 

In a small proportion of cases following transfusion in which 
the l lood groups of donor and recipient appear to have lieen 
compatible there has been a reaction of the renal typo with 
anuria or oliguria In a few of thi<e cases of unexplained 
hacmolv tic reactions there has been evidence of a pre-existing 
chronic nephritis (Brines 1*>10) It is remonable to suppose 
that n damaged kidnev will bo more rcndih obstructed than 
a normal organ lit a haemoglobin precipitate If this is bO 
tien a minor degree of hnemolveis in a patient with <hsea>cd 
kidneys nu 0 ht bo expected to produce a partial or complete 
anuria in such organs whereas a similar amount of dejxisit ui 
normal kidnev s would probablv bo insufficient to cau-e an) 
noticeable alteration in function It must bo remembered 
however that tn many of the cases of unexplained hacmolv tu. 
reaction producing renal symptoms there has been no e\ idence 
of ant existing or pro cu-ting nephritis It max he that in 
certain individuals the kidneys ore unusual!) sensitive to tho 
products of a hacmolv tic reaction cither because the) are 
together with other organs part of a grave constitutional dis 
turbanee or becnn«c of some local allergic phenomenon 

Wood trans/usion These ohscrv at ions do not contra indicate 
the transfusion of blood to individuals with a history of renal 
discaso or damage but they emphasize the importance of care 
ful direct compatibility tests before a donor is accepted It 
will nb.o be wise to ullahm~e the patients urine prior to tho 
transfusion 

Previous severe reaction 

Ketmnsfusion of a patient who 1ms had n rigor following a 
prtvions transfusion must alwius be a cause for anxittv both 
to pitient and operator Precautions to take in retransfusing 
these patients will include introduction of the M<*od at a 
dnp rato and the use of a different donor but the wholt 
technique used at tho previous transfusion slu nld lie critic allv 
reviewed and the method of preparuti m of apparatus and 
Relations investigated The unbject is discussed more fully 
on p 74 
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Leukaemia. 

It is difficult to know what to advise in the leukaemias In 
the acute, leukaemias — myeloid and lymphatic — blood trans 
fusion is, I think, contra indicated, for it may produeo the most 
violent reaction and at the best can only bring about a v cry 
temporary improvement (Hart, 1038) Troni the humanitarian 
point of view transfusion can only be regarded as postponing 
death, and should there be a reaction the patient’s condition 
will be even more distressing than before Transfusion possibly 
enables a patient to withstand X raj s better 
In the chronic forms, blood transfusion may bring down a 
temperature or lessen some of tho anaemic s\ mptoms, but it is 
onlj a palliative measure and should not be used w ithout careful 
examination of the particular circumstances 
Aplastic anaemia. 

In those types of aplastic disease of the bone marrow which 
lnv o]\ o all the formed elements of the blood, blood transfusions 
should not be used unless there is some special reason for try mg to 
prolonglifc for afewday s or w ceks, for instance to allow a relativ e 
time to return from abroad It is, how over, not often possible to 
be certain that the aplasia is complete, and in such circumstances 
the patient should always be given the benefit of the doubt 
In aplasia or hy-poplasia in\ olving onlj the cry throcy tes, blood 
transfusion is the therapeutic remedy of choice Hus 13 dis 
cussed more fully on p 147. 

The allergic or protein sensitive recipient 
In a patient who is known to be sensitiv c to certain substances 
it w ill be ad\ isable to exclude as far as possible an unsuitable 
donor Intnidcnual injection of the donor's serum into tho 
patient will help to pick out unsuitable donors In addition, in 
all doubtful cases ephednno should bo given in tablet form 
before the transfusion, and adrenaline should be at band drawn 
up in a syTinge in case it is required during the course of the 
transfusion (See also p 80) 

Deficiency anaemias. 

Blood transfusion is unnecessary m those anaemias in which 
the deficiency can be supplied m tho diet or othcrw lse corrected 
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hj Mime tom pie method of adjustment Examples of these 

anaemias include 

1 Iron deficiency anaemias These may bo due to 

(а) Deficient diet In infant* such anaemias mcltido those 
of turn births and prematurity, the nutritional anaemias of 
mfanc\ duo to a deficient intake of iron during the milk feeding 
period the anaemia due to cxecssnc prolongation of milk 
feeding tnd the alimentary anaemia of infants past the milk 
feeding period 

In adult* the iron defiuemy anaemias include simple adder 
Indne anaemia and chlorosis— the latter a very rare di«ent 
now nd ns 

(б) Deficient ab*orption Deficient absorption of iron is seen 
m voehac <liM?nbc and perhaps in intestinal infections although 
m thise cases toxaemia is nl*o a factor m the causation of tho 
nmicnm 

2 Hnemopoletic factor deficiency nnaemlas Hus dth 
ticucj occurs in jiermcious nnneima and tlie umerocy tic anaemia 
of pregnant) Neither of the-e diseases require'* blood trims 
fusion as n rule as tho respomo to Iner therapy is generally w> 
satisfactory Jlie oteasions on which blood transfusion inn) be 
nu'essnrj are dm ussed on p 150 

1 Anaemias due to a double deficiency of Iron and 
haemopotetlc principle Most of these jj itu nts rcsjHmd well 
to combined iron and liver treatment In some of tho inseyin 
which there is an extensive gastritis jjonie degree of hyj>o- 
protemaemuv mx) develop In those mutiuucs m which this 
is associated with tissue oeilema a transfusion of blood or 
scrum will give rapid relief 

•1 Cndocrlnc and xltamlu deficlencj anaemias II\po 
thyroidism and cretinism max lie associated with an anaemia 
1 hex rt sjiornl w 1 11 tothy ronl extract but not to In cr or m n alone 
Dcfiuenty of y datum ( is irsjionsible for the anaemn of atun y 

in h ni m i>» 

Uaivrs O A 1030 J Imo inf I Am 0*. 1114 
»Anrs V. L 193" S tto* X lntrr 17, 15tt 
Uakt, * D 193s Lnwi I, Hit 



CHAPTER XI 
INDICATIONS 

Transfusion of blood may be used 

To replace blood lost, destroyed, or chemically inactivated 
To maintain lifo in aplastic diseases of the bone marrow 
To increase resistance 

To stimulate the bone marrow or other parts of the haemo- 
poietic system 

To increase the coagulating power of the blood 
To replace or dilute toxic blood 
To restore blood volume — in shock 
To mso the serum protein content 

Tnn Indications tor Blood Transfusion 
The indications for blood transfusion are best considered m 
greater detail by tabulating according to the particular defi- 
ciency in the blood of the patient w hich the transfusion is in- 
tended to remedy Thus transfusion of blood may be required 

To supply oxygen carrying red corpuscles when 

1 lied blood corpuscles have been lost extravascularly by 
haemorrhage, w hctlicr acute or chronic 

2 Red corpuscle formation is insufficient: tins may' be 
due to 

(«), Depressed function of the hone marrow, as m 
(i) Primary* aplastic anaemia 

(«) Secondary’ or symptomatic aplastic anaemia due 
to such causes as prolonged irradiation by radium 
or X rays, acute and chronic infections, whether 
localized in the bone marrow or secondarily affect 
ing the marrow through the toxins originating from 
some soft tissue focus 
(6) Disordered function of the bone marrow 
Pernicious anaemia 
JIacrocy tic anaemia of pregnancy* 

3 Red blood corpuscles have been destroyed intravascu- 
lariy by haemolysis Tins is seen in 
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A The Intmdlyhc anaemias which ma> l*e duo to 
(a) Infechit toxic, and poisonous factors 2he»t agents also 
ten<l to depress the bone marrow so that there is a 
film in jibed output of red cells ns well m other words, 
anaemtas due to these causes are not purely haemolytic 
(l>) f ongen\1al a(normu{i>j/ of the tn throe; te«, c g acholuric 
fa m ill nl jaundice sickle coll nnnemm 
(c) Unknown factors ns in the ncuto Jmemoh tic minemia of 
Lcdercr uterus grix is neonatorum anaemia haemohtica 
neonatorum 

II Splenomegaly with anaemia as in Itanti a disease 
4 Red corpuscle oxxgrn carrjmg j>ower has boon reduced, 
for example hj 

( urhou monoxide poisoning 
llcnzoi and nitrobenzene poisoning 
ioxnemia — particular!} in extensile hums 
T o supplj poljmorphonuclear leucocj tes, in aplasia of the 
gmnulocate fanning portion of the bono marrow 
Agnmilootosis. 

To supplj platelets 

Essential tliromboijtopemc purpura 
To supplj the substances nccessarj for coagulation of the 
blood when this function is disturbed 
Hot mopbiliA 

Haemorrhagic conditions associated with disordered h\er 
fiuiction for example obstructive jaundice 
Mel irna neonatorum 
F rj throhlnstoMS foetahs 

To supplj antibodies and complement, in certain case* 
of thrown infect tons, lowered resistance and non progressive 
ram alescents 

To supplj serum proteins, m conditions associated with 
InjKiprotcimuua 
Shock 

Malnutrition 

To supplj formed elements and plasma m conditions 
nR-ocmtetl with low ermg of the blood i obi me— m shotk 
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To Surrey CK\ qen C\iiR\mo Red 
Corpuscles 

Wnr\ Red Corpuscles ha\ e been lost by 
HAEMORRHAGE 

In surgical practice severe and sudden haemorrhage is most 
commonly Been following street accidents more rarely it 13 
encountered ns a result of gunshot stabbing or other injuries 
occasionally it occurs during operation but more often is seen 
post operatively as a reactionary or secondary haemorrhage 
following such operations as prostatectomy and tonsillec 
tomy 

In the conrso of obsteinc practice severo haemorrhage may 
occur with a placenta praevia with tubal abortion and rupture, 
or as a post partum complication 

In medical practice hacmatemesis from a gastric ulcer or 
mclaena in a case of haemorrhage from a duodenal ulcer are 
among the commonest causes of sea ere internal haemorrhage 
Other causes of haematemcsis are cirrhosis of the liver and 
enlargements of the spleen If the haemorrhage is from the 
stomach the eroded vessel is usually the splenic vein if from 
the duodenum tho gastro duodenal nrtei y or vein Haemorrhage 
from the small intestine may occur as a complication of tuber 
culous dysenteric or typhoid ulceration m the latter as the 
patient is usually gravely ill at the time the haemorrhage may 
go unsuspected unless the possibility is constantly borne in 
mind 


Clinical features 

It is important for any one practising blood transfusion to bo 
able to distinguish severe haemorrhage from other causes of 
collapse and bo able to give an opinion as to the immediate hne 
of treatment and the optimum moment for surgical mtcrv ention 
should this be a possible eventuality Clearly some one who is 
in active clinical practice will find this easier than will a pure 
laboratory worker 



no mncATioNs 

General appearance 

On approaching a patient w ho has had a sev ere haemorrhage 
one is immediate!} struck b} the deathls jullor of thi fact amt 
lips In the same glance tt will he noticed that the pitient is 
restless that he is chmounng for air nnd that ho is coastautli 
asking for water Restleesneut air hunger and Mir#/ mil dts 
tingutsh a case of haemorrhage or shock associated w ith liacmor 
rliagc from a cast of pure shock On closer inspection it w ill he 
noticed that the skin for instance of the forehead is cold and 
cohered with heads of perspiration The conjunctival mucous 
membrane is pnle and so also are the linger nails 

The mental state the condition of the puho the blood 
pressure nnd the tissue turgor van vvith tho tune nfttr the km 
of blood that the patient is examined 

The mental condition, apart from some initial giddiness 
or fumtneas rt Arable to oxv gen lack is usual!} normal that is 
except for a fnirh natural ntixietv the patient is conscious and 
rational If however ho is seen about two hours after the 
haemorrhage he is often confused nnd irmtionnl although 
during tins time the circulation has usuall} improved 'l he 
probable explanation is that tho initial anaemia has been 
replaced b} a cerebral oedema a condition winch is aggravated 
1»} the custom winch requires tho victim of n severe hnemor 
rlmgo to be nurecd with the bend in the most dependant jkim 
lion The patient s condition is usual!} relieved bj a pillow 


The blood-prcssurc ^ 

At first there is a 7 rofound fall m blood prevuire This is due 
to the sudden remov a) of a large volumo of the circulating fluid 
which is follow id in turn !>v a diminished venous return a 
smaller output from the heart and hence lowering of tin blood 
pressure If the patient survives this initial stage nil tin fores s 
of ph}Hiologicnl compensation will be rallied in an nttemj t to 
rat»e the blood pressure again to a level that will allow oxjgena 
tion of tho brain and meduUarv centres to Ik. continued Hie 
effort is initiated bv the fall of 1>1 ckm 1 pressure m the carotid 
emus and aortic arch which occurs at the same tune an the 
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general fall in blood pressure and as a result of which the tonic 
inhibitor} action of the sino aortic nerves on the vnsomotor 
centre is diminished so that the centre discharges more freely 
A widespread arteriolar vasoconstriction results which has the 
effect of reducing the volume of blood supplied to such tempo 
rarity inactive areas as the skeletal muscles the skin and 
intestinal tract This elevation of the peripheral resistance 
combined with acceleration of the heart results in a rise of 
blood pressure and increase in blood supply to those areas 
most urgentl} requiring it 

The compensating rise of blood pressure is commonly to 
within IS to 30 mm of the level usual to the individual If 
tho hiemorrlinge is progressive this relatively high level — 
about 100 mm — is maintained for some time after the pulse 
rate has started to rise and until the patient is almost in 
cxlremt* 

The important practical deduction is that blood pressure 
estimations are not a reliable indication either of the degree of 
haemorrhage or as to its arrest or progress 

The pulse-rate 

Tho pulse rate is accelerated in all stages of haemorrhage and 
m a lase of moderate seventy it will be 110 to 140 to the 
minute At first the volume is poor — the pulse is thread} — • 
but as the blood pressure rises tho volume of the pulse improv cs 
With further haemorrhage the rate increases usually before 
tho blood pressure shows anj sign of falling for the second 
time 

As a result of the haemorrhage the av affable supply of blood 
for nourishing the sensitive respirator} and vasomotor centres 
in the medulla is seriously diminished Tor life to continue 
the v olunio of blood passing through these vital centres must 
ho maintained at the pre haemorrhage level To achieve this 
the heart accelerates dehvcnng a smaller quantity of blood 
more frequently 

The acceleration is due to reflex stimulation of the cardio 
accelerator centre through tho aortic and sinus nen es Tins 
reflex net is initiated by the fall m blood pressure which lowers 
the tension in the aortic and carotid sinuses 
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The tissues 

(а) DirK stages — Deli \ dra lion 

(б) Late tstages — Oedema 

\\ ith the loss of blood there a fall of mpilhry pressure due 
to incomplete filling of the xnscuhr bed This disturbs the 
normal pressure balance l>etween blood anti tissues in fa\our of 
the tissues to that tissue fluids pass into the \ easels 

Clinical ex ldcrice of this is seen m the dchx drated state of the 
tissues as thouai li} the sunken facies ami b\ the great thirst 
which w euch a typical feature If the blood xolunio is not 
restored at this stage bx a blood transfusion the rex erne process 
(o that just described will ensue The continued passage of 
tissue fluids into tho circulation results eventualh m a dilution 
of the plasma protein and a disturbance of the osmotic balance 
between blood and tissues A condition of hx jioprotcinenm 
non exists and fluids begin to pass back again into the tissues. 
This is aided bx the immured permeability of tho capillaries 
w Inch haxc been damaged b\ the prolonged anoxaemia The 
tissues now become oedeniatous hut usuall\ not to a degree 
which is demonstrable clinically except at tho base of the lungs 
which if examined at this time will rex cal dullness crepitations 
and a jmor air entry At necropsy in eases of unrehex ed sex ere 
haemorrhage xvidespread oedema of the soft tissms piTticu 
larlx the lungs is a prominent feature 

The blood 

Im mediate exammat ton In attempting to estimate tho degree 
of anaemia little or no help can be obtained from a red cell 
count or haemoglobin estimation made mmicdiatclx after a 
aexcre haemorrhage Hie count at this time is deceptixe as 
owing to raj diary atasis and tho discharge of n.d cells front the 
«j>leen it xxill if am thing tend to lie raided Tins jmndnxic-d 
j litnomenon disappears ns tho blood volume becomes readjusted 
In tissue fluid dilution dnnng the buWfjuont hours (p 137) 

h xnmuiation njlcr turlrc to tu ent j Jour ) ours lYoi l led then 
has boon no blood or saline infusion or water In mouth or 
jier jxetum n 1 1 iod examination at tho tnd of the first tin hi 
hours will jjxc a eomparatixelv anurnto indication of the 
amount of l Jooil that has been lo^t At tins time the blood 
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shows a parallel reduction of haemoglobin and red cells The 
colls are normoeytic and normochromic 

Renal changes. 

(a) Blood urea. The blood urea level is considerably raised 
during tho first thirty six hours follow mg a se\ ere haemorrhage 
Tins observation has been made by Wood (1030) of Mel- 
bourne who points out the practical \alue of the investigation 
as an aid to diagnosis m instances of suspected but unconfirmed 
cases of concealed haemorrhage Furthermore, there is an 
added danger in a high blood urea at this time, for a patient 
already seriously ill from anaemia and drow sy as a result of a 
high blood urea is not a suitable person to undergo a major 
operation A preliminary transfusion by improving renal 
function as well as relieving the anaemia, will give the patient 
a better chance of recovery 

Wood (1030) suggests the following explanation of high blood 
urea after large haemorrhages 

1 When tho initial fall of blood pressure occurs the renal 
excretion immediately diminishes and partial or complete 
anuria dm elops, depending on how 1 low the blood pressuro 
has fallen A blood pressure ofoier 4 0 mm Hg is necessary 
to filter fluid from the glomeruli into Bowman’s capsule 
against tho osmotic pressure of the plasma proteins 

2 As a result of the low haemoglobin and impaired ciretila 
tion, e\er> organ is inadequate!} supplied with oxygen 
Tins particularly affects the kidneys, where the function of 
the tubular epithelium is depressed by tho anoxaemia It 
follow s that the power of selective reabsorption is impaired 
and so the blood urea rises 

3 A contributory factor appears (m the recovery phase) 
with the onset of generalized vasoconstriction Should 
this include tlio glomerular vessels the renal excreting 
field is further diminished and the blood urea rises 

How much blood can be lost tn a single severe haemorrhage 
without death following? In order to discuss this question it is 
necessary to ha\o some idea of the normal blood volume This 
has been estimated by various methods (Congo rod method 
carbon monoxide method) to bo between 6,000 and 0,000 c c in 
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the adult The blood \olume is approximately onc-dcv cnth of 
the body weight bo that if the latter is known an approximate 
figure for the blood volume can be obtained in any given m 
stance 

Tlie answer to tii e question— how much blood tin be lo-t * — 
depends essentially upon how rapidly it lias been lost A rapid 
moderate sized haemorrhage is more serious than o greater loss 
spread over a more prolonged jienod Tins is because great ns 
the compensatory jiowers of tbo bodv nre tliev take time to 
develop \cccssory factors influencing the prognosis 111 am 
given haemorrhage will lx? the duration of unrelieved nnosc 
noma the indiv idual 8 ovv n ph\ aiologual j>o\v cr» of necommoda 
turn and his state ofhnlth Tlio presence of n-vsoented disease 
particularly of the v oscular 8y stem u ill further limit the efforts 
at conij»cn«ntion 

Accurate measurements of the 1 lood rim lining in cin.nl ition 
after a severe haemorrhage are not easily made Tor this reason 
the oliservations of Keith (1910) nnde on wounded soldier* 
during the Great War arc of particular interest He found by 
blood volumo estimations that serious svmptuins wen. produced 
if the haemoglobin fell to below 7f» per cent Hus ho regarded 
as tho critical level the lovcl I clow vrlucit the comj)en«atorv 
mechanism could not lie relied upon to restore the blood volume 
unless mded l>v n transfusion 

The lower limit of rapid cx^nnyuinnhon eompitible with 
recovery provided a blood transfusion is given is 111 the region 
of oO per cent haemoglobin or half the blood vrlurnc Lower 
levels have boon recorded but recoverv then is exciptionn! 
Helow 50 per cent haemoglobin the anosaemta apjeirs to 
produce lmvcrulle chnngis m the tissues Keiths blood 
volume estimations corres|»on<l with the more direct methods of 
estimation made simply bv recovering the blood lost following 
for example o hnermtunesw 

To tuunmarize ono can say in regard to rapid blood loss that 

•100 fOO ec (S 12 per cent Imunoglohm) is the maximum 
amount that can l*o lost without producing am sy mptoms 
whatever This w based on our cxjiemnce with blood 
donors 

) 250 1 500c c (2 ">-30 per cent barmoglobm) is the maximum 
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that can be lost and recovery occur w ithont transfusion — 
based upon Keith’s work on blood-volume m cases of 
haemorrhage 

2,500-3,000 c c (50-60 per cent haemoglobin) is the maxi- 
mum amount that can be lost at one haemorrhage without 
producing death — based upon obsen ations made on large 
losses into the peritoneal cavity 

The Physiology of the Restoration of Blood-volume 
following Haemorrhage. 

The period of restoration of osmotic balance, (a) Fluids 
The restoration of blood-volume takes place in stages 

In the case of the blood lost by a transfusion donor (000 c c ) 
the fluid loss is made up in a feu hours In the case of a large 
haemorrhage the fluid loss is usually made up w ithin 24 hours, 
the rapidity of replacement depending on the ratio of the 
volume of available tissue fluid to the volume of blood which is 
lost In each case the tissues provide the fluid — a process which 
is accelerated if the patient is allowed water to drink, prolonged 
if water is withheld Fat, plethoric individuals make up their 
Mood volume more quickly than thin people 

(b) Solid constituents Those include salts, plasma, proteins, 
and formed elements The first solid constituents to bo replaced 
are tho inorganic salts, and they are followed by regeneration of 
the plasma proteins. 

The period of regeneration of the formed elements. It 
has been pointed out elsewhere that the red blood corpuscles 
and haemoglobin estimations show little change from the normal 
immediately after a largo haemorrhage, but gradually find their 
le\cl during tho following twenty -four hours as dilution by' 
tissue fluid occurs 

The red corpuscles The red corpuscles are restored to normal 
more rapidly than the haemoglobin, so that tho colour index 
becomes iower It begins to rise w hen the red blood corpuscfe 
count lias reached normal According to Whitby and Britton 
{ 1037 ) tho rod cells are regenerated at the rate of 100,000 cells per 
c nun a day , so that after a large haemorrhage low enng the red 
cell count to 2,500,000, theoretically' the count will take about 
three weeks to return to normal if unaided by transfusion. 
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The earlv regenerate e phase w characterized bj tltc presence 
of numerous immature ml cells There is a Tctieulocylosis 
and jms-siblj pome normoblast* The mature cells are ortho 
chromic and normoci tic 

I>t<coet/fes and platelet ? There is a n«c of platelets during this 
phase and a lencocvtosis up to 30,000 during the first four da\s 
after tho haemorrhage, which quick] v returns to normal 
Ilaetnexjlobin In the case ofemall losses of blond as occurs m 
blood donors mvolv mg 400-000 c c licence (11133) reports that 
tho h lemoglobin reduction is from iy-12 ]>rr cent , maximal on 
tho fourth claa and Imck at its normal let el in 7-14 tint's 
'I ho stimulus to regenerate haemoglobin in the red marrow is 
oxjgcn lack As tho normal lead is approached the stimulus of 
ox v gen lack Iwcomes progress^ t Ij weaker anil so the process 
of regeneration plows down (Wright, IP IS) 

TRANSFUSION DOSAGE IN CAST'S OP HAEMORRHAGE 
The transfusion dosipc after haemorrhage will depend upon 
tho qinntitv of blood lost 

Determination of flic quantity of blood lost. Ihe deter 
mmntiou of tho amount of blood lost tnaj be attempted In. 

(i) Clinical estimation 
(n) Blood a olume estimation 
(hi) Haemoglobin estimation 

If the pitunt ii seen within a few hours of the haemorrhage 
the amount of blood lost can onl\ be assessed from tho clinical 
condition and by estimation of tho blood lolume TTus is 
because hucmoglobin estimations at the time are not reliable 
(i) Clinical examination Loss of blood is a verj j>ersonal 
catastrophe and no two individuals PiifTermg a similar loss of 
blood n>!hp«e chnienlh to tho name degree The cxtint of 
nssotiated tniumn or disease is natundlv a great influence 
Sometimes there is visible cudrnci of tho quant itv of blood lost 
— for example m the vomit but hearwiv evidence on (his point 
should be accepted w rth refers at ion for the amount is gem mllv 
gnatlv exaggerated (p 110) 

\a a rough guide it maj Ik» assumed that if tin clinical condi 
lion is fair fwlisUi not more than one quarter (t .MU i c ) of 
the blood v ohmic has been lost if the fv mptoma are grave tho 
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explanatory paragraphs v hich follow ami for the accompanying 
diagrams 

A Haemoglobin estimations arc unreliable as the cnlmon of 
I he witnly of a haemorrhage 

A haemorrhage occurs at the expense of both plasma anti 
corpuscles 



Kio 2J To illiivtmtn low I ho rail in luwmopWiin pomniojjo fill»wtr>R 
li»'-nK>rrhiip' i« <!• |» mlitit on nwiomCaun of } luma tolomo ( 1 lw« It lh w 
Lnn lor ami V> nriit ) 

In I’ig 22 is shown dmgmtwnatitalh the slate of affairs 
immediately after a fc\ ere haemorrhage Tlie left liaml column 
rcprosuits the total amount of hlood in the normal body 11m 
is show n ns a \ertical column of which tho lower two IiHIih 
consist of corpuscles and tho upper thrrt* fifths of plasma If 
half the blood of the hodx w c re suddenly lost w c should hn\ t the 
state of affairs show n m the middle column half the corjum les 
nnd half the plasma would h»\e been ‘amputated’, hut the 
percentage of haemoglobin would he unaltered, remaining at its 
original figure of, My , 100 per cent 

During the next few hours the plasma is restored and the 
condition been in the right hand column is produced the \ohime 
of corpuscles remains reduced whilst the plasma has returned 
to normal, nnd, although the condition of the patient, from tho 
physiological point of view, is probably much Inttcr, hishneroo 
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globin has fallen sharply On the other hand, if the plasma 
volume is more slowly restored — m some cases this takes twenty- 
four hours or more — a haemoglobin estimation a few hours after 
the haemorrhage will give an unduly optimistic estimation of 
the blood loss 

From consideration of the diagram it is clear that assessments 
of seventy based on haemoglobin estimations are liable to grave 
fallacy and that the error is liable to be greatest at moments of 
extreme importance — that is to say m the hours immediately 
following a severe haemorrhage It further emerges that the 
only way of obtaining data of leliability is to employ some 
method which estimates the total t ohmic of the blood jriasma and 
the total t olume of the blood corpuscles 

B Haemoglobin estimations are unreliable as evidence of 
persistent bleeding 

For the same reason namely the slow dilution of the haemo 
globin by the tissue fluids, the haemoglobin percentage cannot 
be accepted as an accurate guide as to whether haemorrhage 
has ceased or not, for it is clear that in the hours after Iiacmor- 
rhago has begun haemoglobin percentage must be expected to 
continue to fall whether the actual bleeding has ceased or not 
Here again observation of the total blood tolume is the only 
certain guide available 

Fig 23 illustrates this point the three columns on the left 
show the course of c\ ents after a single but rapidly arrested 
haemorrhage, whilst tho three columns on the right show the 
state of affairs when haemorrhage is continuing simultaneously 
with the process of dilution There is a stead} fall of haemo 
globm in both cases The one fact w Inch points inevitably to the 
conclusion that bleeding is still in progress is that the cell 
volume has diminished in the second case whereas it remains 
unchanged in the first 

Bennett, Dow, Lander, and Wright (1038) conclude by say mg 
that ‘surgical intervention during the acute stages of haema 
temesis and melacna is almost ala ays earned out on the assump 
tion that bleeding is still in progress There is, w c believe, no 
clinical criterion which gives anj firm basis for such an assump- 
tion estimation of the blood volume alone giv es this important 
information ’ 
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Determination of flic quantity of blood to be transfused. 
After ft haemorrhage, as Ke\ ncs ( 1922) has pointed out , there h no 
need to replace then and there all the Mood lost The immediate 
object of a transfusion should be to restore the Mood*\ohtmo 
to tin It tel whore the compensatory mechanism for restoration 
i 

cm p«r R3 Hb?. 



Fir .’3 Diagram ahowing fall in hitcronglolun from dilution of pljuma 
f llnams b omcli' horntcFirlmpt' llhrrr oilman* on Ml ) vnmpaml with full 
in Imrmo.l tin during ronlinumu hnctnorrlutgn (column* in ngltl (lull 
ili» catinmii >n or irJl \ duinn <!• mon«tmt<n continuation of tun tnorrliag* 
(llcnwtt Dow, Lander amt W n^lit | 

of blood volume can btcoine offcetiv e Keith (1019) has shown 
that this h in tin* neighbourhood of 75 jx*r rent haemoglobin 
If the sign- of haemorriiago are nmrhcd n transfusion of 
750 r « -I,BU0 c c will lie required to restore the blood volume 
to this lev el Two donon of a suitable group should lie obtained 
as soon possible Later during tnr!> convalescence one's 
ulUinaU object of restoring the blood to its pn haemorrhage 
level van be Attained b\ iron and dieting, anti if uwsswiry b\ 
n further transfusion 

The place of transfusion In the treatment of gastric ami 
duodenal haemorrhage. 

It would serve no useful purpo*cnt this stage to enter deeplv 
into so controversial n subjett ns the treat mint of gnitro duo 
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clenal haemorrhage but since the issue cannot be altogether 
avoided some attempt will be made to define the position of 
transfusion in relation to internal haemorrhage 

An important difference between the intestinal haemorrhages 
and those due to most accidents or surgical operations lies in the 
question of access to the bleeding point In haemorrhage of 
intestinal origin ligation of the bleeding v essel is a hazardous 
proceeding whereas m haemorrhage of traumatic origin the 
bleeding point is usually relatively easy of access and control 
In other words when the question of transfusion arises the 
bleeding point in the one case has been secured and m the other 
it has not 

For this reason in cases of gastro duodenal haemorrhage the 
tendency has been to adopt a more conservative line of treat 
ment than with haemorrhago of traumatic origin The particular 
circumstances will decide the policy to pursue Briefly the 
possible methods of treatment in relation to blood transfusion 
arc 

1 A large volume transfusion given at a drip rate till the 
haemoglobin is in the neighbourhood of 75 per cent (not 100 
per cent — p 114) and then either 

(а) Conservative treatment without operation or 

(б) Operation 

2 A small volume blood transfusion to rebev e the more dis 
tressing symptoms due to oxygen lack and to promote haemo 
stasis follow ed by the regime outlined below 

In such a caso it will not be justifiable to operate without 
further raising the haemoglobin level 

1 No blood transfusion and a policy of non intervention 
This consists of enforced rest by morphine restoration of blood 
volume bj rectal or intravenous fluid starvation by the mouth 
or alternatively the "Meulengracht regime 

The importance of adequate transfusion In cases of 
gastro duodenal haemorrhage 

TEie tendency in transfusing acute anaemi is is to give onlj 
enough blood — usually *500 c c — to combat the existing haemor 
rhngic shock The immediate effect of such a transfusion is so 
dramatic that a further transfusion to restore the haemoglobin 
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to within limits where regeneration can Income eJTectue is not 
considered nnd it ts decided to leave well alone In rcalit\ a 
patient at tht3 stage is sitting on the (op of a % olenno for there is 
no resen c should another haemorrhage ensue 
Tins attitude of mind is encouraged hv the fear that n further 
or larger transfusion b\ increasing the hlood \ olume is hhel\ 
to raise tht blood pressure nnd so restart the haemorrhage 
This opinion n based on experience* gamed with the more rapid 
short transfusions which were u-ed before the slower drip 
techniejue lmd liecn introduced It is abo based upon a pht sm 
logical iniHConct pi ion In health the blood \ olume ls remark 
a bit constant and after n considerable haemorrhage ttcnifno 
transfusion w gnen it is restored to nonital bj the tissue 
fluids within a few hours In other words, a drip transfusion H 
restoring rather than distorting tho phj siological balance— a 
change whuh the organism would otherwise haie to attempt on 
its ow n— and jh rlmps fail in the effort 

If the blood is introduces l at a drip rate it has been m\ 
experience that recurrence of haemorrhage is n great rant} — 
etrtiimh it ls not more frequent than the recurrence of lmcmor 
rhngo m those cases from whuh transfusion w withheld 

In eomhision one can assert that tin ndrnntngcs of raising 
the haemoglobin adccjimteh (though not balk to the normnl) 
pirticuhrh in m*-es of haemorrhage from i>optic nicer out 
weigh hy far tht dmch milages Ur supplting fihrmogcn a 
firuiir clot js hkclv to be formed nnd hj restoring or partly 
restoring the corpuscular content the patient i« not onh | ut m 
the wn> of a more rapid rccortn hut is better prepared for an 
operation should (his be decided upon or to withstand nnotlur 
largo haemorrhage should this 8ii[>er\iiie 

The place of operation In the treatment of gastro-duodeml 
haemorrhage 

A discussion on the place of oj*eration is almost outside the 
scope of this hook jet some mention of it must Ik? made as it is 
so close U linked with the question of blood transfusion 

Oitcratmn for re lu f of gastric or duodenal haemorrhagi nm 
Iks performed as an i merge nrj measure shortlj after tin 
haemorrhage or ns a prophcl u_tu measure m an interval 
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period We are hero concerned only with the problem of imme- 
diate operation Such an operation on a person who js danger 
ously ill can only be justified if it is being performed to arrest 
haemorrhage when all other attempts have been unsuccessful 
These circumstances do occasionally arise, and when they do 
operation by an experienced surgeon with a drip blood trans 
fusion maintained throughout is likely to be life saving Before 
embarking on such an operation, there should be reasonably 
reliable evidence of 

(а) A chronic ulcer — in the form of existing recent X rays 
or a long standing dyspeptic history 

(б) Persistent haemorrhage — most accurately shown by a 
blood-v olumc estimation 

In many patients the origin of the haemorrhage will be 
uncertain, and I have myself on several occasions made a 
necropsy on a case of haematemesis in which the stomach was 
full of blood, but no demonstrable source could be found In 
such cases, and they can rarely be excluded w ith certainty, 
transfusion offers the best hope of immediate relief Operation 
at a later date to present recurrence of haemorrhage and after 
tko patient has returned from convalescence is quite a different 
matter, anrl w e nro not concerned with it 

The Rate of Introduction 

The rate will depend upon whether the bleeding point has 
been secured or not 

If the bleeding vessel or vessels have been secured or controlled, 
for example, will usually be possible after an accident involv- 
ing the limbs, after post parturn haemorrhage, or a post- 
opcintivo haemorrhage, a relatively rapid transfusion should 
be giv en as soon as possiblo, for m these cases there is an urgent 
need for red cells to maintain oxygenation of vital centres 
Fortunately also, these haemorrhages usually take place in 
healthy people — m other words in individuals with an un 
damaged myocardium In these circumstances a rapid trans* 
fusion is safe because the total blood-v olume has been diminished 
by the haemorrhage 

It is my opinion that acute anaemia due to sudden severe 
haemorrhage is the only indication for tchal may be termed the 
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oltj >*hionti rapid blood tran*fu*ion oh I trot then only if ihf 

l Urdu j vr*vl fiai bftn tt cured 

If n total dose of I 500 c c is contemplated not me re than 
COO c c should be given b\ a rapid method Tlie remaining 
‘>00 r c should 1 c run in at the usual drip rate of 40 drop* a 
minute 

If Of l ltcd\ng point cannot l/c ttcurcd ns h likely to be the 
ca?i. if the haemorrhage arises from for example a bleeding 
peptic or tv; hold ulcer tho rite of introduction Mill nccivstirih 
Imr to l>e slow 

lie exact rate will depend upon whether the htcracrrhagH 
has stopped or is still } rogre*.-*mg AH eases slioul l hi tn Med 
k> tho c< nt muons drip method and the rite controlled 1\ 
n petted haemoglobin estimations 

In cases in which cxwingumation is extreme it mas on rare 
occasions lx? advisable to run in the first 400 500 e e relatively 
rapidly to reliexe the anoxaemia and tho risk. l»o taken of 
restarting tho haemorrhage from the oj»en vessel Muh action 
is only justifiable if it teems quite certain that if thy Mood were 
introduced slowly the patient would not n coyer 

ILArMORlUIAGF AFTER TONSILt FCTOMA 

1 am indebted to J It Peacock of St (.corgi, a llosj ital 
London for the substance of the account which follows 

Haemorrhage after tonsillectomy is cither rcactunarv that 
is to pay occurring dunng the few hours immediately fdlowing 
tl i operation or secondary occurring on from the eighth to 
the twelfth daj 

Diagnosis 

In the case of reactionary haemorrhage diagnosis is seldom 
difluult m that visible hacinorrhnpo u*uiH\ oc« tint Om 
Funnily hoyrever this may appear to l»e scry slight m amount 
fHirtuularh if tho patient has for some time been swallnung 
the l low! It js Ijocausc of this j*v *ibd»ty tliat all sjvecimenH of 
vomit containing blood should be jrewrvfl by the iitinun„ 
staff 

In addition in all these cists a close watch slum! {t>e kt{ t 
on the puhe colour, breathing and skin temperature 
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As soon as bleeding of any land occurs, an immediate mspec 
tion of the throat is necessary The clot in the tonsillar fossa, 
which is nearly always present should be removed, and a 
diagnosis made as to whether the bleeding is coming from a 
spurting vessel or from a generalized ooze 

In Children 

In children, in whom bleeding is occurring following tonsil 
lcctomy, the differentiation between arterial bleeding and a 
general 007 c is not always easily made, as the patient’s co 
operation is to some extent necessary and that is often difficult to 
obtain In mj opinion, m all cases of doubt, these small patients 
should be returned immediately to the theatre, an anaesthetic 
administered and the bleeding point found and ligatured 
An additional reason for adopting this policy at an early 
stage in chddrcn is the fact that their general condition can 
more suddenly and dramatically change for the w orsc than is 
the caso with adults The child should in every case be blood 
grouped bcfoie being returned to the theatre 


Arterial bleeding 


In Adults 


In adults, in those cases where a spurting vessel is seen, the 
procedure is the same, the patient is leturned to the theatre, 
and the vessel tied The blood group is determined at tho 
curliest possible moment scrum is collected for cross matching, 
and a donor warned in case a transfusion is necessary 


General ooze. 

Where a general 0070 is thought to he the causative factor, 
the clot may be removed, and where the patient permits, 
pressure applied to the tonsillar fossa simultaneously from the 
inside and without, with wool moistened in 1/1000 adrenaline 
The application of Stypven Russell viper venom to the bleeding 
area can bo of v aluc, and an intramuscular injection of 20 to 
40 c c oF Sangostop is non to\ic and worthy of trial There- 
after the patient is given morphine, gram one quarter, and ice 
is applied to the neck, a careful watch being kept on the puKo 
rate, colour, skin temperature, and respiration 

Blood grouping should bo determined at tins time, and serum 
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ohl ftnhwnril rapid Hood (raitAfuxwn, and crca Mrn only \f the 
bleeding vixx*\ hai Irtn secured 

If a total dose of 1,500 o.c is contemplated. not more than 
600 c c should lie given by a raptd method The remaining 
*HK» c e should lw run in at the usual dnp mte of 40 drops n 
minute 

If the bleeding jxnnt cannot be secured, ns is like!) to be the 
case if the haemorrhage arises from, for example, n bleeding 
peptic or Uphold ulcer, tho rate of introduction will ncce*sarih 
have to l*c slow 

The exact rate will depend upon whether the haemorrhage 
has stopped or is still progre^ing All coh-s should lie treated 
In tho rontmuous drip method and tho rate controlled by 
repeated haemoglobin estimations 

In cases m uluc.li cxsaugumation is extreme, it mftj cm rare 
occasions l>e nd\ i« ible to mn in the fir<t t(MVo0») e c relatn el) 
rapid!), to rche\e the anoxaemia, nnil the ri.sk Iki taken of 
n starting the liaemorrhage from the open \cvael Such action 
tsonl) justifiable if it seems quite certain that if the blood urn* 
introduced slow I) the patient would not recover 

HAEMORRHAGE AFTER TONSILLECTOMY 

I am indebted to J It Peacock of St George’s Hospital, 
London, for the substance of the account irlurlj follows 

Haemorrhage after toiuiUcctoni) is either react if mart that 
is to wi\ ot cum tig during the few hours immediate}) following 
the ojtcrntion, or secondari , occurring on from tho eighth to 
the twelfth daj 

Diagnosis 

In the rase of reactionary haemorrhage, diagnosis m seldom 
difficult, in that rouble haemorrhage usually occurs Occa- 
sional!) , lionetcr, this mn\ appear to l>e i erv slight in amount, 
particular!) if the patient has for some time liccn swallowing 
the blood It is because of this possibility that all Rjienmcn* of 
a omit containing blood should be preferred 1») the nursing 
staff 

In addition, in all these ca*cs, a close watch should Im kept 
on the pulse, colour, breathing, and skm temperature. 
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As soon as bleeding of any kind occurs, an immediate inspec- 
tion of the throat is necessary The clot m the tonsillar fossa, 
Minch is nearly always present, should bo removed, and a 
diagnosis made as to whether the bleeding is coming from a 
spurting % essel or from a generalized ooze 


In Children 

In children, m whom bleeding is occurring following tonsil 
lectomy, the differentiation between arterial bleeding and a 
general oozo is not always easily made, as the patient’s co 
operation is to some extent necessary and that is often difficult to 
obtain In my opinion, in all cases of doubt, these small patients 
should bo returned immediately to the theatre, an anaesthetic 
administered, and tiie bleeding point found and ligatured 
An additional reason for adopting tins policy at an carl} 
stage in children is the fact that their general condition can 
more suddenly and dramatically change for the worse than is 
the case with adults The child should in every case be blood 
grouped before being returned to the theatre 


. , . , , , ,. _ In Adults 

Arterial bleeding. 

In adults, m those cases where a spurting vessel is seen, the 
procedure is the same, the patient is returned to the theatre, 
and the vessel tied The blood group is determined at the 
earliest possible moment , serum is collected for cross matching, 
and a donor warned in case a transfusion is necessary 


General ooze. 

Where a general ooze is thought to be the causative factor, 
the clot maj be removed, and, where the patient permits, 
pressure applied to the tonsillar fossa simultaneously from the 
inside and without, with wool moistened in 1/1000 adrenaline 
The application of Stypven Russell \ iper \ enom to the bleeding 
area can ho of \alue, and an intramuscular injection of 20 to 
10 c c of Sangostop is non toxic and worthy of trial There- 
after the patient is giien morphine, gram one quarter, and icc 
is applied to the neck, a careful watch being kept on the puKe- 
rate, colour, skm temperature, and respiration 

Blood grouping should he determined at tins time, and serum 
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obtained for cross watching, so that last minute disturbance-* 
ma* lie a raided (see Fig 12, ji 42) 

If the Imcmorriuipu should pcr-id, it must rest -uith tho 
medical attendant's judgement and his ob*cn ation of the j Kants 
mentioned above ns to whether anil when the patient should 
Ito returned to the theatre, but in nij experience tins should lie 
done m all cases of persistent haemorrhage at or before the 
time when lowering of shin temjiernture becomes npprrvmblo 
m the patient a forehead 

Whire surgical measures become nceossirv, cverj possible 
attempt should lie made to nxoul suturing the pillars of the 
fauces together, as although this procedure may l>c immediately 
eftcitiie the resultant penmng of the jiostcrior pillars removes 
the guard to the nasopharynx and predisposes the patient to 
Buhscqiunt nasophnn ngcal catarrh, and even to cibdxclium 
dentnuss 


Blood Transfusion 

The part played b\ blood transfusion m the«c cases can 1« 
of the utmost jm{)urtance in very act ere easts, where, for 
Mime reason surgical intervention law l>ccii delayed, a trails 
fusion may lie necessary at the time tho patient is returned to 
tho operating theatre More commonly , it is desirable that the 
haemorrhage should first be arrested, and a transfusion ad- 
ministered to replace the blood ulucli tho patient Ins lost In 
(•till more diflicult esses where tho patient's general condition 
whin hr*t wen docs not ptrmit the administration of a further 
mi » sthetic, it max le ncccxwrv to transfuse, in the hoj>o, ns 
sometimes occurs, that the transfusion w ill induce the cessation 
of haemorrhage or that iv sufficient improvement m the patient ’« 
general condition will l>e obtained to allow of the reipnml 
anaesthesia being given 

Prophylactic measures. 

In »ti> «nn«Kie»Uon of l in* martin*,? following removal of 
tw*»-j rr^jHTBiivi’ ]«ml» tlum! t lx- lorn u» imrxl 

III the €**.«•* t f a ]mli »it n\ mg a hi*tt>i} < f uinmuvllv { ml >tip«xl l lr»tl 
in^. m tho put, the pro operative wtminwt ration of mtmvnuaL* mlrtutn 
►howl 1 1"* uiwlt rialtcn ov cr » f » not t f from thrr** to finir although 
m lh*- #nw jxiiirm tin* precaution U um>cce»v»rj . 
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after msmtimmg this level bv n pcited small trm-fusons at 
short intervals Clio advantages of this method nn. thwefol l 
hospitalization is reduced to n minimum for after the initnl 
Iran ■'fu=ioii it will ns a rule oiiU Jhj nccrv*irv to admit tfic* 
jwticnt for observation for one dav on the occasion of eveh 
retrnn*fu>»ion wide exenr- ions m the haemoglobin and nd cell 
content of the 1 lood are avoided ami to a mimrmmi of utrvin 
la {lived ttjion the lame marrow hi starling the tnitment 
with a continuous dnp trwdu-oon the total miml*er of tram 
fn ions required is minced which is n more rapid and Ic~a 
tedious uni of producing the optumim blood pictim 

Jstrye rolini t tranijmion in tic, rjf« IT the null'd elcintion of 
tie htictnoglol m is calculated to exceed I 500 c c s of blood 
the tnnisfu«ion fhotdd be given in two or more stills with nn 
interval of three dsyt. lietwccn each transfusion 

Frtr/unicy of tran<fti'wn I ollowmg tin initial large volume 
blood transfusion the, freqticncv of subsequent pmall trims 
fusions will dcfiend njxm the ntc of fall of the Intmoglobm 
level ns determined l>y reguhr haemoglobin estimations Most 
jKitients will require tmnsfuMons of ajipmxinvvtcK r (W c o at 
weekly or fortnightly intervals although in norm; instances a 
longer jienod will l*c pos. ible 

Ojlunum } acmoglobtn Inrl to bt tnatnlotnal l urioudv enough 
o haemoglobin j»erccntnge within the limits of nomiahtj does 
not always suit these patients ns wrll as I >wcr levels ihe 
o] tumim for each individual ran onlv In determined In trill 
In Hunts uvse reported hi Hamson (l'nt)and knrh 
the pit lent felt most coinfortnbh when his linenuiglobnt was Ik 
tween f 0 and 70 per cent when as at a higher figure he was not 
so well Inino (193'»)ri ports a esse in which the optumim level 
w as m the neiRhlKturlicvwl of Vi {xt « ut 

Tin. expectation of life In Htir-t 8 r*i*< mentioned above 
thopaticiit received at h ist S'KitrmsfusionsHj rmlmi rOvtar* 
during which hi led an active and full hfi In another rue of 
Hursts reported In hnrh (lfH7) th< jsitient had mime H 
transfusions in 7 veim an i in a third case under this j hvsitnn 
and reported bi Knott (I'>7t) the fmticnt was in unturned in 
good he dth for Ifi im uths b\ I 4 ! tmn«fusK ns In a <~i*e of m\ 
own a useful lift was |m longed f rmnrln 27 tmnsfu»tons 
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Complications The recipient of repeated blood transfusions 
is more likely to develop a reaction than the recipient of a single 
transfusion but the nsks run enn be reduced to a minimum by 
careful cross matching before each transfusion and by intro 
(facing the blood al a dnp rale In spite of these precautions 
reactions in the form of rigors or attacks of urticaria will occur 
from time to time in these multiples transfusion cases 
Another «equel of frequent transfusion is that the patient may 
develop h icmoehromatosis This was pie*cnt in Harrison and 
Kark s case which had 200 transfusions It is chnrictenrcd liv 
a slate coloured complexion pigmented conjunctiva© and teeth 
a dry, hairless skin and a large tender liver Haemochromatosis 
is a storage disease and is presumably due in these cases to an 
inability to deal with the excess of iron introduced by the 
transfusions 

Tie transfusion of pohjcylhacmtc blood fo case s of aplastic 
anaemia Dio use of polycy lhaemie blood foe tr tnsfusion pur 
poses has been practised for many years Although perhaps this 
is not quite such an unpleasant practice ns the transfusion of 
leukaemia blood to agranulocytic patients it should bo reserved 
as far as i>ossibIc for incurable cases and aplastic anaemia can 
probably be included in this group Polycythnemic blood is 
very thick and docs not always run well from tho donor and 
for the same reason it is not verv satisfactory blood to introduce 
into a recipient by a gravity method unless it lias been pre 
Viously diluted with saline 

Secondary or symptomatic aplastic anaemia In cases of secon 
dary aplastic an vemia tho cause must iirst bo removed They 
are then likely to respond very well to the transfusion of blood 
carried out as outlined above 

PERNICIOUS ANAEMIA. 

As is well 1 nown pernicious anaemia is due to the absence 
from the gastric juice of a fermcnt-like substance called the 
intrinsic factor Normally tho intrinsic factor of the stomach 
nets upon an extrinsic factor contained in the diet to produce 
tho haeinopoietic principle » Inch is absorbed from the intestine 
and which is es ential for tho proper development of bone 
marrow megoblasts into cry throblasts and normoblasts Until 
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after maintaining this level bv repeated small transfusions at 
short inter* ala The advantages of this method are threefold 
hospitalization is redaeed to a minimum for after the initial 
transfusion it will as a rule onlj be nece^san to admit the 
patient for observation for one dav on the occasion of each 
retransfusion wide excursions m the haemoglobin and red cell 
content of the blood are n\ oided and so a minimum of strain 
is placed upon the bone marrow by starting the treatment 
with a continuous drip transfusion the total number of trans 
fusions required is reduced which is a more rapid and los 
tedious wav of producing the optimum blood picture 

Large r oiume transfusion in stages If the initial elevation of 
the haemoglobin « calculated to exceed 1 500 cc nof blood 
the tram- Fusion should be given in two or more stages with an 
interval of three dav * beta een each transfu ion 

Frequency of iran«fu*ion Following the initial large volume 
blood transfusion the frequenev of subsequent email trims 
fusions will depend upon the rate of fall of the haemoglobin 
level a r determined b\ regular haemoglobin estimations Most 
patients will require transfusions of approximate!! 500 c c at 
wecklv or fortnightly intervals although in «orne instances a 
longer period will be possible 

Optimum haemoglobin lerd lobe maintained Curiously enough 
a haemoglobin percentage within the limits of normahtv does 
not always suit these patients ns well as lower levels The 
optimum for each individual can onlv l>e determined by trial 
In Hurst » case reported by Ham-on (1931) and Hark (193”) 
the patient felt most comfortable when lus haemoglobin was lie 
tween >0 and 70 per cent whereas at a higher figure lie was not 
«o well lmne ( 1 *>3 ,) reports a ca*e m w Inch the optimum lev el 
was in the neighlwurhood of oO }*cr cent 

The expectation of life In Hurst s rase mentioned above 
the patient received at least 290 transfusions spread over Ojc irs 
during which he led an active and full life In another ca<« of 
Hursts reported bv Hark (1937) the patient had some 0*1 
transfu ions in 3 veare and in a third rase under this physician 
and reported bv Knott {J0J4) the patient was maintained in 
good health for 1G months bv 33 tran fusions In a case of ray 
own a useful life was prolonged fora v car 1 v 27 tran=fu ions 
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Complications The recipient of repeated blood transfusions 
is more likely to de\ elop a reaction than the recipient of a single 
transfusion but the nshs run can be reduced to a minimum by 
careful cross matching before each transfusion and by mlro 
duemg Me blood at a dnp rate In spite of theso precautions 
reactions m tho form of rigors or attacks of urticaria will occur 
from time to tune in these multiple transfusion cases 

Another sequel of frequent transfusion is that the patient mny 
develop haemochroraatosis This was present in Harrison and 
Kark’s case w Inch had 200 transfusions It is characterized by 
a slate coloured complexion pigmented conjunct^ ac and teeth, 
a dry , hairless ski n and a large tender liver H nem ochroni atosis 
is a storage disease and is presumably due m tlicso cases to an 
inability to deal Tilth tho excess of iron introduced by tho 
transfusions 

The transfusion of polycylhaemic blood to cases of aptaslio 
anaemia Tho use of polycytlmemic blood for transfusion pur* 
poses has been practised for many \ ears Although perhaps this 
is not quite snfch an unpleasant practice as the transfusion of 
leukaenuc blood to agranuloej tic patients it should be reserved 
as far as possible for incurable cases, and aplastic anaemia can 
probably be included m this group Poly c> thaemic blood is 
very thick and does not always run well from the donor, and 
for the samo reason it is not very satisfactory blood to introduce 
into a recipient by a gravity method unless it has been pre- 
viously diluted with saline 

Secondary or symptomatic aplastic anaemia In cases of sccori 
duty aplastic anaemia tho cause must fiist be removed They 
aro then likely to respond very well to the transfusion of blood 
carried out as outlined above 

p* 

PERNICIOUS ANAEMIA 

As is well known, pcmieious anaemia is due to tho absence 
from tho gastric juice of a ferment like substance called the 
intrinsic factor Normally the intrinsic factor of the stomach 
acts upon an extrinsic factor contained m the diet to produce 
tho hacmopoictic principle winch is absorbed from the intestine 
and whuh is essential for the projier development of bone 
marrow megoblasts into erythroblasts and normoblasts Until 
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it became known that tlie haemoj oietic principle was contained 
in liver and so could be supplied in the diet the o patients lived 
by blood transfusion To-day blood transfusion is the exception 
rather than tho rule 

Indications for blood transfusion 
General principles Tor mest pitients lion ever anaemic 
the standard liver therapy is the safest and best method of 
treatment 

We must not forget that blood transfusion is an operation 
associated w ith a definite mortality and that pernicious anaemia 
] atients with tho possible exception of patients with severe 
.sepsis are the worst possible subjects for blood transfusion on 
account of the poor state of their mvocardial muscle 

Because of tlus there is always the danger of circulatory 
failure from overloading from sjieed shock or as the result 
of a rigor so that it will generally be safer to persist with liver 
therapy unless there is a very good reason for giving blood (Seo 
contra indications ) 

Indications It is probable though not inevitable that 
transfusion will be necessary in the following circumstances 
(i) If the red cell count *1 oils lens than COO 000 red corpuscles 
]>er omra wl en the patient is first seen In such a case the 
patient should receive a transfusion of COO cc of carefully 
cross matched citrotcd blood of tho same group given at ft drip 
rate together with an intr iv enous injection of In cr extract No 
blood transfusion at all is infinitely to bo j referred to a rapid 
transfusion at this stage 

(n) Faded reticulocyte response to liter therapy If the rcti 
eulocy te response to liver therapy is good there is seldom further 
causcforanxiety but if this is ui satisfactory a blood transfusion 
m ly induce a retieulocvtosis by stimulating the bone marrow 
(in) Set ere clinical conhtion No improvement from liver 
therapy ev cn bv j arcnteral injection can lie expected before 
the fourth day If the clinical condition of the j atient suggests 
that she mnv die within this period an initial blood transfus on 
should certainly ho given 

(it ) Presence of com j Ucations Apart from the anaemia itself 
the mil cations for blood transfusion in j ermuous anncmi i will 
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include such complications os gross sepsis, acute appendicitis, 
pregnancy, and trauma. 

Special considerations. Reaction*. It has been emphasized 
that patients with pernicious anaemia are particularly liable to 
reactions following blood transfusion. Many of them tolerate 
the initial increase in blood-volume without incident, but should 
a rigor be superimposed, the anaemic myocardium may not be 
able to withstand the mechanical strain of the upheaval. It is 
therefore of particular importance to avoid such a disturbance, 
and to this end all these patients, without exception, should 
receive the blood at a drip rate, and from a donor of the same 
blood group. 

Pseudo-agglutination may cause confusion in these cases, so 
that it is of importance that some one with experience, prefer- 
ably of the naked- 03-0 method of interpretation, should be avail- 
able for consultation over the direct test. 

The volume of blood to be transfused will depend on the 
haemoglobin level at the time. 

Macrocytic anaemia of pregnancy. 

Definition. Tho macrocytic anaemia of pregnancy, at one 
timo called the haemolytic anaemia of pregnancy, but renamed 
bccauso haemolysis is not a feature of the disease, appears to 
bo a form of pernicious anaemia induced bj' pregnancy and 
relieved by administration of haemopoietic principle. 

Indications for blood transfusion. In those instances in 
which the anaemia is particularly grave or the response to liver 
therapy is slow, one or more transfusions may be required to 
prepare the patient for the extra demands necessarily to be 
expected during labour. No patient should bo allowed to go 
into labour without a transfusion if the haemoglobin is below 
40 per cent. If the child is to be delivered by Caesarean 
section, a transfusion should be given three days before delivery 
and another after the operation. There is no increased tendency 
to post'partum haemorrhage. 

Precautions. The same care must bo taken in the selection 
of cases for transfusion as in pernicious anaemia, and the trans- 
fusion must bo given slowly, using cross-matched donors of the 
same blood group only. 
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Will \ RID CORPUSCLES HUT BEEN DESTROYED 
BY HAEMOLYSIS 

Transfusion In the haemolytic anaemias, with special 
reference to Acholuric familial jaundice and Lcdercrs 
anaemia 

In a few isolated instances transfusion to patients with 
haemolytic anaemn has been associated with a severe lncmo 
h tic reaction (Dawson 1931 ) Tor this reason there has grown 
up a tendency to avoid transfusion in the«e cases as it is said 
to be dangerous Actually the number of severe reactions 
appears to be no gre iter than follow ing transfusion to anj other 
severe anaemia ho there seems to be no reason to advise its 
discontinuance 

The precautions taken will be tlie same as when transfusing 
anj severe anaemia — namelj the use of a donor cf the same 
group careful cross matching and introduction of the blood 
at a drip rate 

ACHOLURIC TAMILI \L JAUNDICE 
In acholuric familial jaundice a transfusion of blood is usually 
followed bj a marked improvement m the jaticnts general 
condition and as a pro operative measure — before kj Icticc 
tom} —it should rarely be omitted 

\nughan (193S) has bad experience of blood transfusion to 
ten different patients with acholuric familial jaundice There 
was a mild reaction m one of this senes onlv and she regards it 
ns a very valuable therapeutic remed j 

Xicmer and Ala son (1930) strong]} advise transfusion and 
saj that treitmcnt with liver and other hnemopoietic sub 
stances w associated with a deterioration in the general «n 
dition of the jahent The} emphisi7C that the transfusion 
should bo given at a slow drip rate In two of their cases an 
initial rclatnel} rapid transfusion was given but this resulted 
m such n severe rigor and in increase m hacniol}«is with 
jaundice in one of the cases that it was decided to u=e tho drip 
technique when retransfusion lie came netessar} later This was 
accomplished in each instance without the ill effects previotisl} 
observ ed 



INDICATIONS 163 

LEDERER 5 ANAEMIA 

In Lcdcrcr s anaemia transfusion is generally regarded ns a 
specific The theory is that an anti haemolytic agent is intro 
dueerl with the transfused blood and is responsible for the arrest 
of the haemolytio process It is trup that Payne (1934) has 
recorded a fatality , m spite of correct grouping in this anaemia 
but against this can be set amongst others the successful cases 
of Grecnwald (1938) and of Joules and Vastcrman (1935) who 
conclude that it is unjustifiable to delay treatment by trans 
fusion’ The rapid improvement from being gravely ill is 
general! v most strd mg 

Precautions Blood transfusion is not contra indicated in 
the hacmoly tic anaemias in fact at present it may be said to 
hold out the only hope of cure m certain ty pes As m an) severe 
anaemia however it is neccssarj that extra precautions should 
be taken to avoid a reaction To this end it is essential that tho 
transfusion bo gi\ en at a drip rate that a donor of the corro 
gpomling blood group be employed and that tho direct test bo 
carefully carried out 

Considerable publicity lias been given to a few isolated 
reports of reactions but this should not 1 e allow eil to influence 
our faith in the good results winch generally follow blood trans 
fusion to these patients 

wnr\ Tin rld oru> oww n c \ur\ inl. fob lr 

HAS BLLN REDUCED 
In carbon monoxide poisoning 

In coal gas poisoning a considerable proportion of the cir 
dilating haemoglobin is converted into carhoxy haemoglobin 
and so rendered useless for oxygen carrying purposes Blood 
transfusion may m these cases be of \ alue by supple mg healthy 
red corpuscles w ith full oxygen carry mg power w Inch can mam 
tain the necessary j rocesses of tissue oxygenation 1 or replace 
went transfusion see p 154 

In benzol poisoning 

In poisoning with benzol the circulating oxy haemoglobin 
is converted into mcthacmoglobm A blood transfusion will 
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help b\ providing normal red corpuscles of normal 0x3 gen 

carrj ing capncitv 

In toxaemlc states — Severe Burns diphtheria 
In toxic states there maj he both a quahtativ e and a quanti 
tntivc reduction of the 0x3 gen carrj ing pow cr of the blood 
Ihat js red corpuscles may be reduced in number ns a result of 
destruction for example, by a hnemotytic town or more 
commonly from depression of tho regenerative centres in tho 
bone marrow Alternative!!, the corpuscular efficiency may bo 
reduced owing to tho prolonged action of the toxin upon tho 
contained haemoglobin 

In such circumstances a transfusion of healthy blood may 
succeed in breaking the vicious circle present 

Burns In patients with early Bovcro hums transfusion 
senes a double purposo it restores tho blood volume which b3 
loss of fluid mto blisters or dressings 1x1x3 bo enormously 
depleted and it supplies serum proteins which not only enable 
tho osmotic balance to be maintained but have a very important 
nutritive value 

Exsanguination transfusion 

B3 exsanguination transfusion is meant the preliminary with 
drnwal of a quantity of blood — followed by transfusion 

The rationale of this procedure is open to doubt The inten 
tion is to remove in cases of profound toxaemia and septicaemia 
as much toxic blood as possible and to replace this with non 
toxic blood having a normal or greater than normal content of 
immune bodies fresh complement and health)’ leucocytes and 
red cells As Powers (1938) points out, the removal by exflan 
gmnation of sufficient toxins or bacteria to be beneficial seems 
doubtful since toxins and bacteria do not nriso m tho blood but 
rather in a septic focus A more reasonable procedure is to try 
to stimulate the bodj to ehmmato its own toxins by the mtrn 
venous administration of glucose and saline and to suppl3 com 
plemcnt and anti bacterial substances by ordinary transfusion 
If exsanguination transfusion is to bo carried out the amount 
of blood withdrawn at one time should not be more than 800 c c , 
as greater amounts may bo accompanied by fainting 
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Kcpeatcd venesection followed by transfusion w ith the object 
of completely replacing the damaged corpuscles has been sug- 
gested, but unfortunately in toxaemic states the trouble docs not 
lie only with the blood: the tissues themselves have frequently 
been damaged beyond repair, and the complete replacement of 
the circulating blood could not be expected to achieve very 
much in such circumstances. 

To StrrrLY Polymorphonuclear Leucocvtes 
AGRANULOCYTOSIS 

In agranulocytosis there is an intense neutropenia, secondary 
to pyramidon or other such drug poisons Blood transfusion can 
only relieve these cases by supplying the recipient with leuco- 
cytes which in turn are converted into nucleotide 

There arc several ways of supplying leucocytes to the agranu- 
locytic patient* 

1. Ordinary blood transfusion. Some authorities, notably 
Jackson, Parker, and Taylor (1932), found that blood trans- 
fusions actually did more harm than good, though Whitby and 
Britton (1937) say that they have had the opposite experience 
The disease is not common enough or the list of published cases 
great onough to enable me to express a definite opinion either 
way. 

2. Transfusion of ‘leucocyte cream’. The transfusion of 
leucocytes only has been suggested by Striunia (1934) If 
citratcd blood is allow cd to stand, it settles into three layers — 
a superficial layer of plasma, an intermediate or bully coat 
of leucocytes, and a lower layer of red cells Separation of the 
leucocytes is made easier by standing the blood in a long 
narrow-necked bottle. 

3. Transfusion of blood with a high leucocyte count. 
Theoretically, preliminary injection of nuclein to a donor will, 
by raising his leucocyte count, render his blood more suitablo 
for transfusion to patients with a neutropenia (p. 159). 

4. The transfusion of leukaemic blood. There is some 
difference of opinion on the desirability of transfusing the blood 
of a patient « ith myeloid leukaemia to an agranulocytic. Those 
who are opposed to the practice say that they do not see why, 
because a person lias one disease, he should lie given another. 
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They point out tint leukaemia may be due to a urns infection 
and for that reason it mav 1 e transmissible Spontaneous 
leukaemia in animals as 'Witts (1538) has pointed out can he 
transferred to other animals of the same species even l>> 
inoculation of a fen cells Whole or ettrafed blood The results 
obtained by the use of uholc and citratcd blood an, similar 
The protagonists of the transfusion of leuknemie 1 load 
(Pegelmann 1 937) refer to cures obtained by this method of 
transfusion and justify the procedure on the e grounds Tlioy 
point out that a transfusion of 500 c c of ieuhaenuc l lood is 
equivalent in leucocytic value to 20 litres of normal blood 

To SurriA Platelets 

ESSENTIAL THROMBOCYTOPENIC PURPURA 
Essential thronil ocy topenu. ] urpurn is a disease associated 
mth a quantitative deficiency ofjlatelets This deficiency tan 
lie made up by transfusions Tocantins (1930) claims to hate 
cured 40 per cent by re{>eatcd transfusion alone that is to say 
without splcneetomv und it can almost alu ay s bo relied upon to 
control a severe haemorrhage Certainly transfusion should he 
given a reasonable trial before splenectomv is considered 
Amount and frequency of transfusion It has been found 
that bleeding m purpura hacmorrliagiea does not usually occur 
until the jilafelets fall to a level of 40 000 per c mm or less 
Ibis is the so called critical level Iho object of a transfusion 
is to restore tbe platelet count above tins critical level It will 
be remembered that the platelet count in the normal mdiv tdtnl 
is lictvveen 2o0 000 and 500 000 per emm A transfusion of 
GOO cc vnll therefore supply approximately f 0 000 j 1 itelcts 
per c mm In 3~5 days the transfused platelets are apj arcntly 
destroy cd they certainly disappear from tho circulating blood 
for the jhtekt count falls to its prc transfusion level In tho 
meantime however the haemorrhage has been arrested and may 
not recur for weeks or even years In a few cases multiple 
transfusions maj be required to produce the desired effect 

Transfusion and splenectomy 
In those cases in which splenectomy is decided upon n tram 
fusion should alwavs be given preferably l efore rather than 
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during the operation Whenever possible transfusion should bo 
avoided during anaesthesia or any form of unconsciousness, as 
in these circumstances incompatible reactions may go unde- 
tected 

Transfusion of platelets only. A method of separating 
platelets only for transfusion lias been described by Tomo (1930) 
Tins is of questionable value since m most c iscs of purpura 
hieniorrhagien there is some degree of anaemia from haemor 
Tlmgo and a transfusion has the ad\ antago that it restores the 
red corpuscles as well as the platelets 

To strrFLi Antibodies Pntaoc\TES, ud (ouflfmfvt 
Transfusion In the presence of sepsis and infective states. 

Septicaemia Blood transfusion can Itc of the greatest 
help in the attack on local and general infections particularly 
if it is used early in the course of the disease and not ab a last 
resort 

The new blood brings in not only healthy red cells and lcuco 
cy tes, but also fresh complement and antibodies 

The management, Tho management of these transfusions 
requires e\tra care, for these patients are even moro liable to 
reactions than are cases of 6eveie anaemia 

My own experiences ha\o led me to the following conclu 
sious 

1 The blood should bo introduced at a drip rate 

2 Repealed transfusions at short inters ak and of small \ olunio 
produce the best results 

3 Ci t rated and uncitrated blood produce the same results 

t Immimo transfusion, &c 

In considering the transfusion of blood to hcptic eases two 
points of special interest arise The first of these is tho con 
sidcration of tho claims made for the use of unaltered blood, 
and tho second concerns tho attempts that may be made to 
rai^e tho bactericidal quality of the donor's blood 

Citrated or uncitrated blood? There are those who belioac 
that sodium citrato damages the leucocytes and who therefore 
prefer to use whole blood or defibrmatod blood In practice 
tho contention js a question iblc one, although it must be 
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allowed that citrate cannot at any rate improve tho quality 
of the lcueocy tea which play such an important part in tram 
fusion for sepsis 

Defibrlnated blood transfusion The use of defibnnated 
blood for transfusion was first practised by Ihschoff in 1835 
Following the discovery of blood groups in 1901 and up to tho 
tune that sodium citrate appeared (1915) it was the most 
commonly practised method of transfusion 

Defibrination of the blood 1ms the advantage tint the plngo 
lytic power of the leucocytes is undisturbed mid it is for this 
reason that defibnnated blood is preferred to citratcd blood 
b\ some when transfusing septic esses 

Tie method oj defbrinalton The main points in the method 
of collection of defibrmated blood arc as follows 

1 No anticoagulant is added 

2 A twisted glass rod is imerted through the cork of tho 
collecting lhsh to form a medium upon which the fibrin 
can le deposited and afterwards remov cd 

3 While the blood is flowing the collecting 1 ottle is fairly 
vigorously agitated by a rotatory movement — without 
going so fur as to shal e tho 1 lood Tins agitation should 
be maintained for a full ten minutes after collection is 
completed 

4 Tho twisted glass rod with the deposit of fibrin attached 
13 removed 

Approximately 10-20 cc of clot forms for eaery 500 cc of 
blood 

five blood nmy now bo introduced bv any method fimdmr 
to the oper itor 

Discussed elsewhere 

1 The use of defibnnated blood where no anticoagulant is 
naoilalle 

2 The use of defibnnated blood in the treatment of blcel 
mg cases 

Melhoris of raising the bactettdd'il power of the donor’s 
blood 

In an attempt to raise the baotcncidal power of the donors 
blood for transfusion to septic or infected cases two methods 
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of treating the donor are available In the one method an 
attempt is made to produce a leucocytosis, and in the other 
the object is to raise the antibody content of the serum— the 
so-called immuno-transfusion 

Method of inducing leucocytosis in the donor. 

Nuclein 2-3 c c (10 per cent nucleic acul, Parke Davis 
& Co ), is injected intramuscularly into the donor In a 
healthy person this gives a 100 per cent rise of leucocytes m 
two hours, and this nse is maintamed for about two hours or 
more (MacLean, 1038) The increase in the white cells is 
mostly in the polymorphonuclears As regards the quality of 
the leucocytes, JIacLean found that in bactericidal tests they 
were of exactly the same efficiency as those present m the 
blood-stream Therefore, the bactericidal power of the blood 
iv as enhanced in the same proportion as the increase of 
polymorphonuclears In 100 cases there was no local or general 
reaction in the donor 

The value of this method of preparing the donor can onlj lie 
decided by the clinical results obtained, and so far no senes of 
this kind has been reported It would also be of interest to 
mako white cell counts before and after transfusion to determine 
whether there was a true quantitative increase of polymorpho- 
nuclcars in the recipient 

IMMUNO-TRANSFUSION 

Definition. 

By an immuno-transfusion is meant the transfusion of blood 
from a donor who has been immunized against an organism 
cither by on injection of vaccine or as n result of having 
recently suffered from the disease. There are tlirce main types 
of immuno transfusion 

Non-Specific, (a) From the self-immunized donor — eg a 
patient convalescent from typhoid, poliomyelitis, carbuncle, 
osteomyelitis. 

Specific, (b) From a donor immunized against an auto- 
genous vaccine. 

Non-Specific. ( e ) From a donor immunized against a 
stock vaccine. 
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Principles Involved — the theory of immuno -transfusion 
It was original! v suggested that by raising the antibody 
content of the donor s blood particularly if the antibodies 
were specific that the value of the blood transfused would bo 
enhanced proportionately In practice unfortunately this 
theoretically excellent proposition is only occasionally con 
firmed 

To home extent the inconsistent and disappointing results 
of immuno transfusion can be explained v. hen w c consider ccr 
tain misconceptions which have ansen in connexion with the 
rationale of the procedure 

In the beginning the justification of immuno transfusion was 
largely based upon observations made by IV right Colcbrook, 
and Storer (1023) upon individuals affected by staphylococcal 
infection in whom they found the bactericidal power of the 
blood to bo diminished both in regard to the phagocytic power 
of the leucocv tes and the antibody content of the scrum Ini 
inutto transfusion seemed to be the solution for these eases lhts 
state of affairs however ns pointed out by Hare (101 >) does 
not apply to individuals affected by hncmolvtie streptococci in 
whom the bactericidal power of the scrum is in fact raised 
above normal 
In these patients 

it was rfiovvu that althougl the pt ngoev t o power of the Icticoey tes mis 
pended in normal serum was indeed below normal the scrum of tl 
patients contain tl l nctenotroj ns or 1 cat HUxlilo opsoiuns wl id were 
nl le to compensate for tl e d fcienciw of the leucocytes so tl it tho 
deflbnnntisl wJ ole t ]oo< I of these acutely mf <1011 patients \vas Jn th ost 
• very case tested much more actively pi igocytic for larinolytio 
Btrej twocci tluin normal (If are 1035) 

Hie practical importance of this observation is considerable 
for it explains the failure of immuno transfusion in so many of 
tho rases in which it has lieen tried Hie failure is due to the 
fact that the patient already Ins a high degree of immunity — 
much higher than the donor— to hw own infection 
It also explains or suggests the reason for the success of 
immuno transfusion when this occurs The itmnuiu7cd donor 
develops a leucocv tosi-s ns well as immune hr dies and it is 
possible that it is this fraction of the blood that is of value to 
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patients whoso leucocytes are subnormal in phagocytic power, 
even though increased m number 

This explanation gams additional support from the fact that 
the results obtained by non specific immunization of donors, 
\i ith a stock vaccine, are frequently as good and in the opinion 
of some, better than the results from specifically immunized 
donors 

Specific or non-specific immunization? 

Sctcral points in favour of non specific immunization have 
already been mentioned It seems from Hare’s work that a 
patient with a severe infection has as a rule a high conccntra 
tion of antibodies in the serum, bactericidal to ins oh n partied 
lar infecting organisms For this reason what Wright (1919) said 
twenty years ago about the use of vaccines can well he applied 
to unmuno transfusion to day 

‘Wo should discard tho confident dogmatic bolief that immunisation 
should ho strictly specific \\ o should instead proceed upon the pnncij tlo 
that tho heat vaccino to employ would always bo tho \ accme which 
gives on trial tho best immunising response against tho microbe wo pro 
poso to combat 

In practice the results obtained by using a stock vaccine 
upon a donor are, in fact at least as successful as when an 
autogenous v neerne is made, nor does the uso of a stock v accinc 
mvoho the delay or require the technical help of a bacteno 
logist m its preparation 

It may happen m rare cases that the 1) ictericidal pow er of 
tho patient’s scrum is below normal and in these cases specific 
immunization may be tbe method of choice 

Preference for non-specific immunization 

Quite apart from tho relative ments of the diffcient methods 
of immtino transfusion the timo factor wall more often than not 
decide tho point us to which is to bo used Obviously a patient 
who is gravely ill cannot wait for three weeks while the donor 
is being immunized from an autogenous i acuno In fact there 
may not be timo even to await the result of u blood culture 
In the gravclv ill, therefore, a rapid method of immunization 
must bo employed 
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Preference for specific immunization 
In a chronic long standing illness there w ill be time to pre 
pare an autogenous vaccine and to immunize a donor with it 
Specific immunization is perhaps most strongly indicated 
iv hen there is evidence that the bactericidal power of the 
recipient a scrum is below normal 
In some cases the rapid course of the disease makes it im 
possible to obtain ft culture prepare o \ ftccine and immunize 
one or more donors In such cases a culture should be obtained 
as early as possible and the patient transfused in the ordmarj 
waj until the immune blood is ready 

Method of preparation of the donor for lmmuno- 
transfuslon 

Non-specific immunization There are two mam methods 
(a) using a stock staphylococcal vaccine (6) using dead typhoid 
bacilli 

(a) Stock vacant The donor is given a single dose ofl 000 mil 
lion mixed staphylococcal vaccine into the left deltoid region 
five hours before the intended transfusion The injection is 
preferably made intramuscular!} but may bo subcutaneous 
The donor may return to work after his injection to rej ort in 
five hours time for bloodletting This method inconveniences 
the donor v crj little As a rule ho does not feel an} ill effects 
although tho arm ma> get a little stiff and sore m the shoulder 
region just os it does after typhoid inoculation Tho method 
also has the advantage that the donor need only bo awaj from 
his work on two occasions both on the same da} 

(i>) 1) tth dead otd bactlh Crocker (et al ) (1D31) found 
that the opsontns in the donor's blood are increased from fivo 
to ten times eight hours after tho intravenous injection of 
50 million dead t}phoul bacilli Their method of treating the 
donor is as follows Tho donor is put to bed and giv on r 0 million 
killed t}j howl bacilli intravenously \\ ithm an hour there are 
svmytomx of hnailacke and. uwJfaise with chdl aud fever tho 
temperature rising to the region of 104° T A further 25 million 
is given intravenous!} within the next hour At the end of 
eight hours and at tl e height of the fev or tho donor s blood is 
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drawn for the transfusion Tiie donors condition returns to 
normal in twenty four hours 

Specific immunization Tor the most part the dosage 
here will bo smaller and spread over a longer period of time 
The exact dosage will clearly depend upon the virulence of the 
organisms concerned 

To immunize a donor against infective endocarditis it will 
probably be safe to give three doses of v accine of Streptococcus 
i mdana at weekly intervals starting with 20 million and in 
creasing to 40 million and then GO million 

To immunize a donor against typhoid an initial dose of 
250 million will he safe followed by 000 million and 1 000 md 
Uon at weel ly intervals 


SUMMARY 

After a successful immuno transfusion it is difficult to bo 
certain that the improvement is duo to the immuno bodies 
introduced rather than to the transfused blood per se 

Immuno transfusion originated m this country m 1919 with 
the w ork of Wnght and it ha3 been given an extended trial 
here during the last twenty years The peak of its popularity 
is now well passed The method reached the continent of 
Europe some years after it had been advocated in London and 
is still being extensively used particularly in Trance The 
feeling at the present time m Britain is that immuno transfusion 
should only be tried after ordinary transfusion lias failed 

A new fictor which has greatly reduced the number of 
indications for this method of transfusion has been tho advance 
in chemotherapy duo to the advent of tho sulphonamido 
group of drugs 

To SUPPLY THE StrnSTAMHS NFCtSSVHV FOR Till, 
Coagulation of tiif Blood 
HAEMOPHILIA 

It is nccc^rv to know something of the aetiology of haemo 
phiha in order to understand how a blood transfusion brings 
about its beneficial effect 

Haemophilia is a disease confined to men but transmitted 
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by women It 13 associated with a prolonged coagulation time 
hut normal bleeding time It appears to be due to a deficiency 
affecting the organic clotting complex and not to the calcium 
content of the blood wlucli is normal It has been suggested 
that the platelets are abnormally resistant and so do not dis 
integrate and liberate the thrombokmase when bleeding oc 
curs This is supported by the observation that the* have been 
found intact in shed blood long after the haemorrhage lias 
stopjKxl Others believe that the platelets are not responsible 
ami that the deficiency is a qualitative one of the prothrombin 
Ilcndicn and van Crcield (I*)J7) of Aimterd nn have isolated 
from fresh normal serum a substance which has a coaguh 
ting influence on haemophilia blood they ha\o shown that 
this sulMnrice is almost nbscut from the serum of liacino 
plulmcs This coagulation promoting substance appears to 
be carried by one of the protein fractions of the terum — 
coagulation globulin — a fraction which can be precipitated and 
after suitable preparation used for administration to haemo 
philncs It can also be extracted from human placcntuc The 
clinical results so far obtained 1 3 the intravenous injection 
of a eolation of coagulation glol uhn bar e been very en 
couragmg 

If m haemophilia one were only dealing with abnormal 
structure of the blood platelets haemoplulic scrum would not 
differ in any point from normal serum 

Childhood is the most dangerous j eriod for haemophiliacs 
for f<) per cent the before the ago of 8 years ami only il per 
cent reach the age of 22 (\\ lutby and Britten) Thereafter the 
severity decreases Hit earliest manifestation of the disease w 
bleeding from the stump of the umbilical tord or m some eases 
circumcision 

Indications for blood transfusion in IiaemophIHn 
The p< tsiblt uses of blood transfusion are 
(a) Immediate transfusion as an active measure to arrest 
hTivvnonVmge arid to com! vi amerma 
(&) Interval transfusion as a prophy lactic measure to 
diminish tlie frequency of recurrent attacks of Imcmor 
rhage 
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Immediate. 

General Blood transfusion is the inost reliable of all methods 
for arresting haemorrhage of an actively bleeding haemophiliac 
It should not be delayed too long if the more conservative 
methods fail If the transfusion is simply being used for its 
haemostatic effect, 200 c c of citrated blood slowly introduced 
will usually be as effective as larger amounts, but this is 
not always so It is a wise practice to obtain enough blood 
from the donor for two transfusions The blood should be 
collected into separate containers and one of these labelled 
and put aside in the ice chest, in case the first transfusion is 
ineffective or the haemorrhage recurs If anaemia is not marked, 
human serum may bo used instead of blood 
Loral If the bleeding has not been going on for Jong it w ill 
be well worth while trying the local application of whole or 
citratcd blood of the same or a different group In addition 
the intramuscular injection of 20 cc of whole blood of any 
group is sometimes effective, and much safci than horse serum 
tho use of which makes repetition dangerous Another local 
application that is as successful as anything is the diluted 
venom of the Bussell wper 

Adrenaline should not he infiltrated locally as it has a delete 
nous effect upon tho tissuo \ lability, even though it may be 
temporarily haemostatic, and no sutures should be employed 
unless one can be certain that they will not cut or produce a 
hacmatoma (Mcrarlanc, 1917) 

Prophylactic 

The pre-operative transfusion A haemophiliac may de- 
velop acute appendicitis or require a dental extraction in the 
same way as any nonnal person The most certain way of 
shortening tho coagulation tune in theso circumstances is by a 
small blood transfusion — 200 cc — given within twenty four 
hours of the declared time of the operation 
Every haemophiliac should know his blood group 
The Interval transfusion. (Pemberton (1910), Bulger 
(1920), Minot ami Lee (1916), Addis (I9IG)} Following Wood 
transfusion tho coagulation time of haemophilia is shortened 
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This shortening lasts only two to fire days hut haemorrhage 
docs not necessarily recur immediatelr the effect has passed off 
Because of the effect of blood transfusion upon the coagulation 
time it lias been suggested that during childhood — the most 
dangerous period for these patients — blood transfusions should 
be given at regular inters ate say every three months Unfortu 
nately the effect upon the coagulation time is too short to 
afford efficient or lasting protection so that quite apart from 
the tedium of repeated transfusions the method is too un 
certain to be of am practical use 
If the deficiency is a quantitative one as the w orh of Bcndien 
and vanCrcvcld (1937) suggests repeated injections of human 
serum as they are simpler to cam out than blood transfusion 
may come to have a place in the prophylactic treatment of 
this disease 


JAUNDICE 

Hepatic damage 

In jaundice the coagulation time is only increased m the 
obstructive type anil m types associated with liver damage 
It is not prolonged in acholuric familial jaundice the haemoh tic 
anaemias or in catarrhal jaundice in which the liver damage is 
only \ cry slight There is also a tendency to haemorrhago in 
hepatic damage unassociated with jaundice (\\ altera 1921) 
but it is naturally more often noticed m obstructive jaundice 
as these eases aro likely to come to operation \\ hen obstruc 
tion is due to a malignant process — with possible secondaries 
in the liv cr — the hepatic damage is greater and so is the haeinor 
rhagic diathesis 

Ihe importance of liver damage in the aetiology of the 
haemorrhagic diathesis has been confirmed evjicriinen tally by 
producing Jiv er damage in animals cither by ligating the coeliac 
nrterv or by chloroform or phosphorus poi oiling TJv these 
means the coigulation time of the blood can bo greatly jro 
longed or coagulation may ho jrevented 

fherc are however other factors concerned m tlic pro 
ductmn of tho haemorrhage in jaundiced patients — ntunelv, 
a deficiency of prothrombin and an ant ihacm orrhag i c factor 
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Prothrombin deficiency . 

An important contribution to the subject of the haemorrhagic 
diathesis of jaundice comes from the Mayo Clinic (Snell, 
Margath, Boland, Osterberg, Butt (1938)) 

Briefly their observations were as follows 
i In normal blood there is a large excess of prothrombin — 
about 200 times the amount necessary to produce suffi- 
cient thrombin to clot fibrinogen within a few seconds 

u On the other hand, in (a) Obstructive jaundice, {b) 
external biliary fistula, and (c) conditions associated w ith 
marked hepatic damage, such as arsenic chloroform, or 
phosphorus poisoning, there is a deficiency of prothrom 
bin m the plasma, and the coagulation time of the blood 
is prolonged 

These data suggest that the presence of bile in the small in- 
testine is in some way necessary for the formation of pro 
thrombin, and that the liver is m some way connected with 
the production of prothrombin 

The antlhaemorrhaglc factor. 

The question arises as to how the bile is concerned in the 
formation of prothrombin This aspect of the problem has been 
advanced by the observations of Dam of Copenhagen (193 >) 
He noticed that chicks deprived of certain fat soluble compounds 
normally contained in the diet developed subcutaneous haemor- 
rhages Thts bleeding was associated with a fall in tho pro 
thrombin of the blood and was cured by the administration of 
tho suitable diet The antihacmorrhagic substance present in 
tho diet has been named ntamm K We have, then, two possible 
factors — the presence of bile in the bowel ami a fat soluble 
vitamin — which are of importance in tho maintenance of tho 
normal level of prothrombin 

Applying these observations to clinical practice, it was found 
that by feeding vitamin K to patients in whom bile was 
excluded from the small intestine, no alteration in the haemor 
rhagic tendency occurred But if bile or bile salts were fed with 
the vitamin, the coagulation time was reduced to normal even in 
the most deeply jaundiced patients The inference is strong, for 
bile acids arc required for the normal absorption of fats and 
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sterol* from the small intestine It w ould appear then, to he a 
reasonable hypothesis that the haemorrhagic tendency in cases 
of obstructive jaundice tsduem part to the exclusion of Me from 
the small intestine with which the so called antihaemorrhagic 
v itamm Iv is nonnaJlj reabsorbed and in part the haemorrhagic 
tendency would appear to bo due to damage to the hepatic 
parenchyma as a result of which there is diminished production 
of the bile acids necessary for the absorption of the fat soluble 
\ itamm 

Results In oO cases of fatal haemorrhage amongst jaundiced 
patients occurring m n 10 year period at the Mayo Clinic and 
renewed by Boland (1038) in all but three the jaundice was pro 
diioed by an obstructn o lesion — most commonly neoplastic (.51 
out of 47) Tho high incidence of neoplastic obstruction as i 
cause of fatal haemorrhage is interesting Clinically tlieso obscr 
vations have been supported by the results of the administration 
of bile and v itamm K to n small senes of J 8 cases of obstructive 
jaundice at the Mayo C lime In nono of these cases did Imcmor 
rhago supervene In some within a normal prothrombin time 
the bile salts and vitamin Iv were given as a prophv lactic 
measure but in several cases in which the prothrombin tune 
was elevated the coagulation of the blood was reduced to within 
normal limits following their administration 

Dosage Tho dosage of bile employed at tho time of these 
investigations was 77-150 cc of human bile mixed with 
pine apple juice and administered b\ mouth before each meal 
lortuuatcly this dietary factor apjwars to be fairly widely dis 
totalled m nature k> that the feeding of bile or bde salts alone 
to the type of jaundiced case referred to will usually reduce tho 
coagulation time of the blood to within normal limits without 
the special addition of the vitamin The supply of the v itamm 
wns more difficult to obtain though it can bo extracted from 
fish meal Headers will probably bo well ndv iscd to refer to tho 
current medical literature for further information on the present 
methods of preparation of tho antihaemorrhagic factor 

Blood transfusion 

From those observations it is probable that the beneficial 
effects of blood transfusions to cases of obstructive jnutuhco 
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n due to the introduction of prothrombin It must be remem 
bered that although there is every hope that bile salts and 
\ ltamin K may be successful in preventing or arresting hacmor 
rhage the} cannot 1 o expected to replace blood already lost 
Blood transfusion then still has an important place in the 
treatment of this haemorrhagic diathesis 

To sum* Smuai PnoTErNs 

The introduction of serum proteins maj be of * alue in 

(а) Malnutrition 

(б) Shock (p 170) 

The treatment of shock is discussed on pp 170-3 
MALNUTRITION 

In malnutrition there is a lowered scrum protein content 
either as a result of star* ation that is to say insufficient intake 
or from deficient absorption as maj bo the case m obstructive 
lesions affecting the pjlorus or oesophagus or destructive 
lesions affecting the absorption mechanism m other parts of the 
intestinal tract 

The subject of malnutrition is mentioned as it seems that the 
benefit obtained in theso cases from blood transfusion is bj 
virtue of the serum jrotctn content of the transfused blood 
rather than the corpuscular elements although iu infants there 
is frequently ail associated anaemia as there may also be with 
carcinoma of the stomach in adults The treatment of mal 
nutrition in inf mts is fully discussed on p 282 

The transfer of normal serum to eases of persistent vomiting 
such as occurs in general peritonitis 1ms been suggested but 
it is questionable whether dextrose solutions are not all that 
is required as it appears that the tissue proteins are not 
utilized until starvation has been continuing for several weeks 
(Whipple 1033) 

In hpotd nep] rosin there is a marked lowering of the serum 
proteins due to an excessive loss of protein m the unne Blood 
transfusion has been used in an attempt to relieve the oedema 
associated with the condition but the effect is only transitory 
ns the serum proteins produced are so rapidly excreted Much 
better results are to bo obtained bj means of a high protein diet 
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To suti l\ Tin Formed Elements and Plasma it, 

CONDITIONS ASSOCIATED WITH LOWERING OI THE 

Blood Volume 

SHOCK 

Although the physiology of shock is not yet clearly under 
stood it n generally agreed whether it he cause or effect that 
the volume of circulating blood is diminished so that the 
problem of treating shock is inseparably connected with the 
maintenance of blood v olnme Up to the present tunc the only 
effective means of restoring the hlood volume to normal is by 
the intravenous injection of fluid having a colloid content, and 
therefore osmotic tension as neaTlv ns posable the same as 
normal serum If isotonic solutions are used the fluid intro 
duced rapidly passes into the tissue spaces so that the rcstom 
tive effect on the blood volume is only of a temporary nature 
The fluid most accurately fulfilling the necessary criteria is 
human hlood and it should bo used in preference to all other 
intravenous fluids if it is available 

Treatment with different transfusion fluids 
Blood — Scrum — Gums — Sugars 
Blood The time to begin the tre itmont of shock is 1 cfore its 
onset This is not always possible ns, for uistnnco m accident 
cases where tho trauma is sudden and unexpected and shock is 
hKcly to have developed before adequate treatment can bo 
appbed But when the trauma is premeditated is in set t>ur 
gieal operations shock can and must bo anticipated Rnd 
mutable measures taken to avoid it Today no extensile 
operation should be contemplated without nn accompanying drip 
transfusion or infusion, which should be started at tho beginning 
of the operation and maintained until it is over or longer 

Difficulties Tho veins of tho shocked patient are usually 
collapsed Valuable time can lie lost in attempting to mtroduco 
a ntcdlo without cutting down in theso circumstances but this 
is the only occasion on which dissection of the recipient s vein 
has preference over entry bv venepuncture (except m tho rare 
cases where no veins are visible or palpable) 

Serum A ormal human scrum The use of normal scrum for 
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restoring tlie blood volume in shock has the samo advantages as 
■whole blood in so far as it has the same serum protein content 
But m addition, owing to its diminished bulk it can be given in 
greater quantity In other words tho osmotic and therefore the 
blood volume restoring properties of a pint of serum can only 
bo obtained by twice that volume of unseparated blood, a 
quantity which m all probability it would be unsafe to intro 
(luce 

It has been suggested that another advantage of normal serum 
over blood is that it can be collected and given regardless of 
group In practice this might lead to serious trouble if by chance 
the serum introduced were of high titre for evamplc, a high 
titre group 0 serum (a-f/S agglutinins) given to a group AB 
recipient (A-j-B agglutinogens) 

The main advantage of serum would rather appear to be 
that it can bo stored very much longer than blood Ideally 
group AB scrum should be stored as this could be used for all 
patients 

The method of separating the serum (ci trated plasma) Citrated 
blood which is allowed to stand will separate into its component 
layers in about tlireo hours The clear supernatant fluid can 
then be poured of! or drawn oft with a pipette by water suction 
and put m separate sterilo containers It must be remembered 
that the opportunities for contamination of the scrum during 
tho process arc considerable unless a very strict technique is 
developed More e\act methods of separating tho scrum are 
described by ThaJhimer (1937) McCnrtnej (1933) and Flosdorf 
and Mudd (1935) 

If there is no time to allow the blood to stand and separate 
slowly, the preparation of serum is not a practical proposition 
Rapid separation of as much as 500 c c of blood requires 
specially largo centrifuge tubes winch are not available in tho 
ordinary laboratory The scrum may be stored m tho ice chest 
at 4. a -tf C 

Normal serum t« physiological solutions In cases of shock, 
instead of using gum acacia, Gottdenkcr in Vienna has been 
adding human serum to a physiological saline solution for 
injection The serum supplies the colloid factor in its natural 
form and has none of the disadvantages associated with gum 
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acacia which is retained more or le^s mdefimteh m the 
vessels and is resistant to the ordinary processes of metabolism 
It was used m the proportion of o c c of serum to oOO c c of an 
isotonic physiological salt solution the evict composition of 
which is not disclosed The scrum was not mixed with the rest 
of the flu 1 until the injection was about to hegm 

Gums Oum acacia Although gum acacia has been con 
sidcrnbly criticized as a substitute for Wood in the treatn cut 
of “hock it cannot lie denied that it has sav ed a \cn great 
number of lues Gum acacia is attacked on the grounds that it 
remains in the blood vessels after injection and is not excreted 
or bioken down in the «ame wax ns other hy j ertonic solutions 
Furthermore tho acacia a] pears in some cases to be stored in tho 
liver where it may cause extensive damage Stu Ideford (1037) 
reports the de\ elopment of n large tender liver and ultimately 
death in one j aticnt following the intravenous injection of gum 
acacia At uecrojsj there was extensile destruction of tie 
liver resembling acute yellow n tropin Andcrsch and Gilson 
(1033) have confirmed these observations m experiments on 
animals and fatal reactions have also been reported by Olive 
crona (1921) and Lee (J0°2) and severe reactions by Did 
(1935) and Studdiford (1937) 

It appears al o that gum acacia affects the red corpuscles 
It is said to interfere with their gaseous interchange and it 
increases tho sedimentation rate It is not uncommon to find 
that serum drown from n jmUcnl nlofns recently ] ml pnm nrann 
show 6 a marked tendency to pseudo agglutination 

Gum acacia solutions should receive very careful j repara 
tion ly an oxperenced pharmaceutical chemist in order to 
avoid contamination and to excl ide impurities which have 
I pen tho cause of most of tho recorded reactions There is now 
a very good clear solution on the market All ampoules should 
be examined before use ns after a few weeks there is a tendency 
for mould to grow 

It 13 interesting to notice that Dodds nnd Haines (1931) have 
show n that the osmotic pressure of a G per cent w Uvti «\ of gum 
acacia in normal saline is aj proximately only one third of that 
of the i lasnn colloids The salt js responsible fir reducing the 
osmotic i rcssure of tho acacia 
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Contraindications to the use of gum acacia 
1 In the toxaemias of pregnancy m which In cr damage may 
already he present 

n If the infusion has to be repeated In these circumstances 
a cumulative effect is produced if gum amine is used again for 
the second injection Extensive infiltration of the h\er and 
cerebral embolism have been recorded after rcinfusion with 
gum arabic 

in The upper limit of dosage is 1,000 e c 
In the treatment of shock, gum arabic at present remains the 
best substitute for blood It seems likely however, that a 
scrum saline solution may before long take its place 

Sugars, Ilt/pcrlontc sugar and salt solutions Ten per cent 
dextroso m w atcr or hypertonic saline may be used instead of 
gum acacia The action of theso preparations is generally not 
so prolonged, but if blood is not available and large doses are 
necessmy, or if the treatment is to be repeated, t)ic> will bo 
safer than the gum solutions 
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CHAPTER \II 


THE RELATIVE THERAPEUTIC VALUES Or WHOLE 
BLOOD AND CITUATED BLOOD 
Tump is no reasonable or convincing evidence that therapeutic 
priority can bo awarded to or claimed by cither whole or 
ejtnted blood and it is the clinical experience of those w ho have 
used and studied both varieties that no difference exists in the 
results obtained 

Whole blood was preferred by certain clinicians because it 
was thought to bo 

A The cause of fewer reactions of all types 

B Better for the patient since no chemical had been added 

C Safer in special cases for instance in the blood dy scrasias 
and m people who were actively bleeding at the time 
or had done so recently and on whom it was thought 
that the anticoagulant effect of the citrate might bo 
continued 

With regard to (A) there is no doubt that there was a time 
not very far distant when reactions in the form of chills and 
rigors were more frequent after transfusions with citcatccl blood 
than with whole blood and there 13 abundant proof in the 
literature that the injection of uninixed blood is rarefy followed 
by chills Tins fact gave whole blood transfusion the initial 
advantage and consequently a long start m the competition 
with citrate It was felt with good reason that the extra 
Inward involved when a rigor followed a transfusion did not 
justifv the greater simplicity of the technique It w as necessary 
therefore m order to establish the citrate method as equally 
safe to reduce the number of reactions to a figure exactly 
comparable with those known to occur uftcr wholo blood 
transfusions 

Tim state of affairs has now been reached and reactions 
following the use of citrated blood are ns infrequent ns thoho 
following, any other method This improvement, has been 
brought about in three ways 

iirstfy by the preparation of solutions — nahne and citrate 
-—with doubly distilled « ater 
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Double distillation 

The use of intravenous medication in the form of dextrose 
or saline infusions has increased considerably during the last 
fen years It -was everywhere noted that w ith the populama 
twin of these procedures the percentage of chills increased 
With the use of triply distilled water a leduction in the number 
of chills following intravenous therapy w as noticed by Rosenthal 
at the Mount Sum Hospital New York, and has recently been 
confirmed by workers at the Blood Transfusion Institution in 
Leningrad My own experience is that triple distillation is time 
consuming and unnecessary provided that careful redistillation 
Ins been carried out using in the case of a Liebig s condenser a 
suitable splash trap to prevent droplets of water passing over 
in the steam 

If redistillation has beeii faulty there is no reason to suppose 
that triple distillation will improve the quality of tho water 
distilled It is of particular importance that the water used in 
tho preparation of intravenous solutions should hue been 
recently distilled Old distilled water — however many times it 
may have been distilled — will cause reactions 

Secondly by special cleansing of the appurutus — glassware 
tubing, cannulas and needles 

Cleaning of apparatus 

It was felt that tho reaction following tho use of intra\onous 
solutions such as glucose and saline was duo to the presence of 
some foreign protein in the water used for their preparation 
In spite of tho careful preparation of solutions however reac 
tion3 did not entirely disappear It was thought by Rosenthal 
that further traces of foreign protein might bo present in the 
tubing or apparatus used and be responsible for tho reactions 
following blood transfusion which still persisted To test this 
out a special department was formed at ins hospital, which was 
made responsible for tho preparation of solutions for use m 
blood transfusions and for tho proper {learning of the apparatus 
A careful technique for the latter was evolved and as a result 
the number of re ictions which before tho formation of this 
depirtment had been 12 per cent, was reduced in the course 
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of one year (1031-2) to 1 2 per cent (331 citrate transfusions 
with 4 chills) It is easy to get good results immediately after 
a new technique has been introduced, and ev on member of the 
organization tries hard to establish a record However, a cer- 
tain laxity may creep in later and spoil tlio results To find out 
whether the chills had been kept at the low level reported above 
further investigation was earned out in 1937, m which it was 
found that the same low level of reactions had been kept up, 
namely 1 2 per cent (653 transfusions with 8 chills) A similar 
but even more marked reduction in the number of chills follow- 
ing the introduction of this simple technique was observed by 
Satunof at Novgarod, who reported a drop from 63 to 2 7 per 
cent 

Thirdly, by organizing the hospital transfusion services and 
concentrating the performance of transfusion in the hands of tho 
senior members of the resident staff 

Transfusion learn 

The extreme simplicity of the citrvtc method has one m 
lierent danger It is often thought that any bod\ who has ever 
performed a phlebotomy or given an intravenous suhno can 
successfully transfuse citrated blood In many hospitals it 
happens that the citrate transfusions are turned over to very 
inexperienced men — often the voungest member of the House 
Staff — whereas tho other considerably more complicated whole 
blood methods arc ]>erformed by experts The result is that in a 
number of clinics more dulls follow the citrate method Instead 
of blaming tho faulty technique of a poorly trained operator for 
these chills, the method as such lias been blamed A strong 
opposition was thus created to tho use of citrate 

B \\ ith regard to the claim that unaltered blood is better for 
the patient Unger (1017) has published results of experiments 
ami asserts that soil nun citrate has a deleterious effect on the 
blood He slates that sodium citrate has nn ^complementary 
power increases the fragility of the transfused red cells and so 
shortens their life and decreases the phagocytic power of the 
leucoevtes If these observations were correct the uses of the 
citrate method would be extremely limited, whereas m nrtual 
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fact the method has been used x\ ith excellent clinical results in 
the treatment of a wide assortment of diseases in winch, 
according to this observer, bad or indifferent results would have 
been expected It is enough to saj that the work has not been 
confirmed by any other observer, and has been disproved by 
Ashby (1019), Mellon, Hastings, and Casey (1922) 

C In connexion with the claim that unaltered blood is better 
m special cases, eg in the blood dyscrastas, even, clinician 
of experience has seen good results obtained with the use of 
titrated blood in various haemorrhagic diseases, and its bene- 
ficial use in melaena neonatorum is w ell known 

Paradoxical as it may seem, sodium citrate in the doses used 
for transfusion work actual!} shortens the coagulation time of 
the recipient This shortening is transitory, but definite, and the 
coagulation time returns to normal in a few hours Rosenthal 
and Baekr (1934) found that the shortening of the coagulation 
time is due to the action of sodium citrate on the blood platelets 
These show an immediate diminution, but their number quickly 
returns to normal within half to one hour Blood counts show 
that oxer 85 per cent of the platelets have been suddenly re 
moved from the systemic circulation Thoy state that there 13 
no interaction between the platelets and the sodium citrate, 
but that after contact with the citrate the platelets are rapidl} 
removed from circulation, probably by the spleen, and then 
destroj ed that the destruction of the blood platelets is follow ed 
by a discharge into the blood of their contents, w ith a resultant 
shortening of the coagulation tune Actual attempts to make 
practical use of the anticoagulant action of citrate by its 
intravenous injection into bleeding cases has not met with any 
success so far 

The fact that at Mount Sinai Hospital in New York both 
uncitratcd and citrated blood have been used side by side for 
oxer txvcnty years (since 1915) afforded a rare opportunity to 
compare the effects in man} individual cases In a largo number 
of patients the whole blood method was used after the citrate 
method had failed to effect a cure In none of these was the 
clinical result supenor to that following the citrate transfusion 
The absence of a good clinical effect had to be attributed to the 



ISO WItOir 1ILOOO AND CITRATI D BLOOD 

umk rising dwease not to the transfusion method It is also 
significant that with the removal of the bogy of ‘citrate 
reactions the proportion between citrate and w hole blood 
transfusion rose from being almost equally employ ed to about 
SO to 1 in favour of citrate 

In 192J out of 143 transfusions 00 were jicrfomied by the 
uliole blood method that ls to say very nearly half lenyears 
Liter following the fonnation of a special department out of 
477 140 were bv the whole blood method and in 1935, out of 
79 1 onl\ 10 were yierfomicd w ith w hole Wood 
Since only hypothetical advantages have go far been made 
for the exclusive use of whole blood a preferenco which cannot 
be regarded as being based on proven scientific or clinical data 
the live of citrated blood should be practised as the method of 
choice It is however essential in order to achicvo consistently 
satisfactory results to follow the instructions described in detail 
chew here for the prep iratinn of solutions apparatus and tubing 
(Kwcnthat and Lcwi&ohn 1931) See also further discussion 
m Chapter \III Anticoagulants 
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CHAPTER ^III 
THE ANTICOAGULANTS 

Tnr hope of finding on anticoagulant which would simplify 
blood transfusion had been in the minds of research workers for 
many years but the substances tried out m the carl} days 
though effective in preventing the clotting of blood produced 
such toxic symptoms that they came gradually to be abandoned 
Amongst the different substances used by the earlier w orkers such 
as Braxton Hicks (18D9) Wright (1801) Lespmasse ()90,s) were 
ammonia sodium phosphate oxalates hirudin and peptone 
On 14 November 1014 three months after the beginning of 
tiie Great War Professor Agotc of Buenos Aires performed the 
first blood transfusion with sodium citrate as the antico igulant 
At exactly tho same time Hustin of Brussels and Richard 
Lou isohn of New Lork were working experimentally with 
sodium citrate but it is to the latter that wc arc indebted for the 
careful work which laid down for tho first time on a sound 
scientific basis tho limitations of effective and safe dosage On 
7 January 15)14 Lew isohn gave his first transfusion of oOO o c 
of citrated blood using 2 {>er cent citrate to a case of mo per 
able carcinoma of the stomach without any technical difficulties 
or untoward result From this time on tho method grew in 
popularity and with the introduction of citrate by Robertson 
of loronio to the British Army in 1 ranee during 1 >17 much 
valuable experience was g lined and the method had becomo 
firmly cstabhshc 1 lo day only a little more than twenty 
years later it may be regarded as the most commonly practised 
method In 19 17 citrated blood was used almost to the exclu 
ston of whole blood m Great Britain Denmark Holland and 
the USSR In the United States in the same year out of 
150 hospitals circularized by Levme and Katzin (19)7) lOOwere 
usmg the citrate method alone or in combination with other 
methods 

The coagulation of the blood 
There are three reasons mentioned by SmibiJdus (If 42) why 
blood congeals on being Jet out of the body He quotes Hippo 
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crates ami Aristotle ‘Firstly because it lo-<es its natural heat, 
second!} because it contains certain ‘ fibmc” "hose naturo is 
cold and glutinous, and which thicken the blood, and thirdly 
because it js away from its natural abode and habitation, the 
blood as it were grieving and fearing ami so thickening and 
congealing * 

The formation oF a clot is due to the action of nn enzyrac- 
hhe substance — thrombm, upon the fibrinogen of the plasma 
Thrombin is not found in the circulating blood, hut is present 
as a precursor prothrombin Prothrombin is activated in tho 
presence of calcium ions by thrombokinase (ccphaline), a 
substance liberated when blood platelets disintegrate, thus 
prothrombin -r calcium 4- thrombokinase thrombin Throm- 
bin + fibrinogen = fibnn 

An alternative theory (Howell) suggests that heparin is 
present m tbe circulating blood as an antiprotbrombin and tlmt 
before dotting occurs, is neutralized by cephaUnc (thrombo 
kinase) derived from the damaged platelets, or tissues 

The Action of Sodium Citrate 

Sodium citrate fixes the calcium ion — w itliout precipitation — 
and thus prev cuts the change of prothrombin into thrombm 

DOSAGE 

Lewisohn (Mil) found that the minimal amount of sodium 
citrate which could safelj Ik* relied upon to prevent the clotting 
of 100 c c of blood was 0 2 of a gramme of this salt To be on 
the safe side ho used a slightly larger dose 

The dose adtued is 0 3 of a gramme of crystals of sodium 
citrate to ev cry 100 c c of blood That is cquiv nlcnt to sav ing 
10 c c of a 3 per cent solution (or 1 c c of a 30 ]>er cent 
solution) to be added to e\ cry 100 c c of blood 

In other words if 500 c c of blood arc being drawn, 1 5 
grammes of solid sodium citrate will be required dissolved in 
ft small quantity of distilled water, or 50 c c of ft 3 per cent 
solution 

Some confusion has been nus«l by tbe distribution of 3 85 
per cent sodium citrate, usually in 50 c t ampoules This 
apparentlj rather strange figure was arrived at m an attempt 
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to produce a volume of citrate solution which would be isotonic 
v. hen mixed w itli 500 c c of blood It w as thought that weaker 
solutions such as 2 per cent or stronger solutions such as 30 per 
cent w ould prodnee hypotonic or hypertonic effects rcspectrv ely 
upon the red cells This objection appears to be purely theoreti 
cal and has not been confirmed Hirschlaff (1D36) did not find a 
3 8 per cent solution to be isotonic with blood he recommends 
the me of 2 95-3 05 per cent sodium citrate It may be stated 
definitely that in the small quantities m which sodium citrate is 
used for immediate blood transfusion the strength of the citrate 
is immaterial so far as damage to vital elements of the blood 
is concerned 

In Leningrad (1937) 30 per cent citrate was being used 
in amounts of 1 c c to each 100 c c and in Stockholm 
(1037) 10 per cent citrate m proportionate amounts of 
blood The advantage of the stronger solution is that the 
\ohimc of fluid introduced is smaller but personally I prefer 
to have enough citrate to be able to wash through the donor 
tulnng and needle before starting to introduce tho blood 
and there is hnidly enough to do this with the concentrated 
solutions 

Toxicity 

In the dosage used for ordinary transfusion work sodium 
citrate is non toxic Lewisohn (1010) puts the maximal safe 
single intravenous dose for an adult at 5 grammes Neukof 
and Hirahfcld (1021) hate gtten 0-8 grammes mtraicnously 
m a large series of cases and seen no toxic effects that is to 
say more than twice tho amount introduced in a 1 000 c c 
blood transfusion No doubt this figuro could bo considerably 
exceeded if the transfusion were given slowly since sodium 
citrate is rapidly eliminated and this statement has been 
borne out by tho absence of ill effects m mnssne citrated drip 
transfusions 

LUmlnatlon 

Sodium citrate is rapidly oxidized m the body, bemg excreted 
partlv by tho lungs as CO, and partly by the kidneys as sodium 
bicarbonate which renders the urine alkaline 
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Stability 

Sodium citmto in ampoulo form can bo used with absolute snfitv up to 
three months after its manufacture 

Sodium citrate being faintly alkaline m reaction mav after a lapse of 
tune slight 1$ attack tho gloss of tlio ampoule -Hud may pie rise to a 
wl itish flaky deposit settling to the bottom of the ampoule 

Being a salt of an organic -acid, it is liable to undergo decomposition 
due to bacteria or mould, so that caro must be taken that comtlcte 
stenhz itton is effected 

Decomposition of sodium citrate also takes placo in the pnserico of 
light if traces of iron are present 

For these reasons, tf the solution of citrate is not hhch to he 
used except at somo distant date it is probably safer that it 
should be purchased m the solid form stenlc distilled water 
is added when it is required for use Commercially it is obtain 
able in either form 

CITRATE AND REACTIONS 

For a long tnno sodium citrato was blamed for tho high 
proportion of reactions in tho form of tlull* and rigors following 
tho transfusion of citntcd blood Somo improicment followed 
tho preparation of tho citrate w ith doubly distilled water and tho 
recommendation that it should l>o freshly prepared It w as not 
however, until Rosenthal (1933) introduced a careful method 
of cleaning tubing and apparatus (p 242) tbit it was realized 
that the majority of so called citrate reactions vvero due to tho 
injection of foreign protein in tho form of old blood clot and 
debns Sodium citrate has for long enough acted ns the red 
herring to c\ plain post transfiewoinl reactions and it is tune 
that it was realized that provided tho solution has been care 
fully prepared the cause of an\ reaction which may follow the 
transfusion should bo sought chew here 

These somewhat dogmatic statements are supported by the 
following observations (1) Injection of n simple sodium citrnto 
solution intravenously is not associated with any form of ro 
action (2) Reactions al>o follow injections of other solutions if 
not projicrly prepared for example dextrose and gum saline 
hut w i th the use of doubly distilled w iter and tho careful cleans 
mg of apparatus reactions following the«o also disapjiear (*)) 
In a man receiving ft number of citrate transfusions, reactions 
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are not constant, and in another series may be entirely absent. 
(4) As stated elsewhere the proportions of reactions following 
titrated and whole blood transfusions are now at the same low 
level — 1*2 per cent (5) The percentage of reactions in citrate 
transfusions at the Mount Sinai Hospital, New York, fell when 
tho organwation was confined to a fen operators and a special 
department was established for the better cleansing of ap- 
paratus, although during this time the citrate was prepaied in 
the same way (p. 177). 

(0) In largo volume transfusions, relatively large amounts of 
sodium citrate are introduced, but no ill effects attributable to 
this anticoagulant have been observed by Marriott ami Ivekinck 
in over 300 largo volumo transfusions (1038, Personal communi- 
cation). 

The Practical Advantages of Using Citrated Blood 
For the operator. 

1. Tho risk of clotting is reduced to a minimum, so that tho 
transfusion is not likely to ho held up or abandoned while in 
progress. With whole blood it is not unusual for tho transfusion 
to bo foreshortened became of early coagulation and a smaller 
amount of blood given than was intended 

2. The technique is simpler to acquire since speed in execution 
is not a factor. The method thus becomes available to a large 
number of operators whose practical experience of blood trans- 
fusion may be limited Popularization of transfusion m tho 
hands of an enthusiast is thus made possible and may have 
its dangers, but these are certainly outweighed by other con- 
siderations. 

3. No expert assistance is required. The operation can be com- 
pleted single-handed if necessary This is of the greatest practical 
importance, and it is tho most important single factor making 
for the success of a blood transfusion. 

4. It is a cleaner surgical operation. It is unnecessary for 
a single drop of blood to lx? spilt. Probably the loss of a fen 
c.c. of blood is of no consequence to the patient, but on occasions 
it considerably disturbs the operator and may influence his 
efficiency. In point of fact it is unnecessary and so may bo 
taken as evidence of bad technique if it occurs 



ISO THE ANTICO ICULA\TS 

5 Most citmto transfusions onco they ha\ o I ecu started 
may be said to give themselves either by gravity or by 
gyjhonagc 

6 Transport is possible Tins for instance enables 1 lood to 
be taken distances n Inch w ill be particuhrl v \ nluable if there is 
no donor available at the other end 

7 Ci trated blood can bo stored 

For the patient 

1 Rate of introduction This can be accurate]} controlled 
and made as slow as may lie desirable m the patient s interests 

2 Amount introduced Thero is no limit to tlio amount 
which can bo introduced which is dej>cndcnt only upon the 
av ailable supply of donors and the requirements of the patient 

1 Optimum moment for transfusion If a donor has been 
ordered to report at a certain time — the tendency is to keep 
to tho arrangement and to draw the blood thero and then In 
the case of whole blood it is neecssary to inject it forthwith 
but this may not be m the 1 est interests of tho patient If the 
blood is drawn into citrate it can bo tcmjioranly stored and 
injected when most required 

4 Children Generally speaking m children under tho ago of 
one year and in infants owing to the small size of needle or 
cannula which has to bo used citratcd blood is very much 
easier to handle and less likely to give trouble during the trans 
fusion 

5 Drip transfusions Thcso aro not possible by whole blood 
methods 

C Tho use of cit rated blood allows one to chango from one 
solution (blood) to another (glucose or saline) as the case 
demands without any disconnexion of apparatus This niav 
bo of tho greatest use if for instance tho donor is I ito and it is 
necessary to transfuse fluid iimnediateh Alternatively if nil 
tho available blood has lieen used it is possiblo to continue the 
intravenous injection with saline until another donor arm cs 

For the donor 

1 The donor is not brought into any kind of contact w ith the 
patient If a voluntaiy donor this avoids what may bo a 



THE A^TICOAGULAJsTS 187 

considerable trial to him If a professional donor, it prevents 
him from being able to recognize the patient should they subse 
quently meet and his intentions be undesirable or dishonest 
2 If the optimum moment for injection of blood has not 
arrived, the donor need not be kept waiting about but the blood 
can be withdrawn and temporarily stored In a voluntary 
service it 13 important that the donor should not be kept away 
from his work for longer than is necessary or employers mil 
begin to object 

TRANSFUSOL AND SULPHARSPHENAMINE 

Transfusol. 

In Italy a polysulphonate of sodium, commercially known as 
Transfusol, is being widely used in place of citrate It is claimed 
for transfusol that it is less toxic than other anticoagulants and 
is of a particular value if the blood is to be stored Thrower 
in this country has tested out samples of transfusol and so far 
has been unable to show that it possessed anv advantage over 
sodium citrate either in fresh or stored blood It is more cx 
pensive 

Sulpharsphenamine. 

In Detroit USA, sulpharsphenamine has been used as the 
anticoagulant in over 1,000 transfusions The claims made for 
it are the usual ones — that it is less toxic than sodium citrate 
and that it is followed by fewer reactions (Lane 1036) 

Two cases ait mentioned of donors with positive Kahn tests 
whose blood was stabilized with sulpharsphenamine but did not 
apparently transmit the disease to tho recipient This is put 
forward as a minor advantage of this anticoagulant 

It has the disadvantage that it only prevents clotting for 
T5 minutes 


HEPARIN 

Heparin, 'the body’s own anticoagulant’, when injected 
intravenously into man, prolongs the coagulation of the blood 
for a time which vanes according to the amount given It was 
discovered by Howell at Johns Hopkins Hospital, Baltimore, m 
1028, but it was not until five years later that Charles and Scott 
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at the Connau 0 M Lai oratories Toronto obtained hej ann m 
the pure state In 1 iio Erik Jorpes at the HarolmAa Institu 
tet Stockholm also prepared pure liepann Chemically it is a 
carbohadnte, being a poly sulphuric ester of mucoitui and is 
found in the Ehrlich cells of Incr langs and bloodvessels 
(especially the inferior \ena cui) It is jmrticularly stnl le 
jhysically anti chemically being obtainable at j resent as the 
calcium or sodium salt either in solution or ns a dn powder 
The jiernunent place of heparin m the field of blood transfusion 
^problematical but it 6eems probable that tn n/ro at am rate 
it will not displace sodium citrate because it would aj pear to 
hale no particular advantage o\er the simpler and cheaper 
substance 

Heparin may he used ns an anticoagulant either upon the 
donor himself or os m the case of sodium citrate 1 y nutii g 
with tlie blood tn utro 

Heparin and the donor 

In the case of a donor the injection of heparin w made into 
a vein of the donor who is said to lie licj nnmzed and whose 
blood is rendered for tho time l>e»ng incoagulable Urn wind I 
apjiear to lie a cotw lerabit nd\ ant igo and to »nnphf\ tie 
technique especially for those operators who j refer whole 
blood methods In practice heparinization of tl o donor baa 
been fi und to bo without danger in 200 consecutu o caws carried 
out at the '‘•abbatsberg Hosj ital in Stotkhrlm In a few 
instances immediately following the injection the donor has 
bad unpleasant sensations m the form or perspiration flushing 
and pnljitation of the heart but these are tninsdtrv and 
infrequent It has 1 een suggested that tlie donor might 1 eeomc 
sensitive to the heparin and that should lie be used fora std w 
quent transfusion at a later date might develop an ijhy lactic 
symptoms upon recen mg the « corn! injection So fir no such 
case has occurred and since hej ann n j rotein free there is n > 
real rcison why sensitization shoul 1 take j lace lhe aharjwst 
criticism of tl o method woul 1 seem to bo the n k of inducing 
haemorrhage in a latent bleeder or what is more hheli the 
possibility of haemorrhage following a street accident on the 
way home This nodotilt is a highly improbable ei entuahty 
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nevertheless, with n voluntary donor such as we me used to m 
this country, it is a risk that should not be taken Tho only w ay 
to overcome this would bo to keep the donor at the hospital for 
approximately two hours, m other words until his coagulation 
time had returned to normal, before allowing him to leave— an 
interval of time w hicli would not be appi eci ated by his emplovor 
In countries where professional services and whole blood 
methods arc practised it may bo that heparm w ill come to bo 
used much more At the same time the extent to which tho 
blood, after bung treated with heparin, may still be regarded 
ns whole blood has jet to bo established 

Ilepnrln and the patient. 

There is a theoretical danger m giving heparinized blood to a 
bleeding patient, or to anyone with a haemorrhagic tendency, 
but the same objection has been raised against sodium citrate 
and lias been shown to be incorrect In point of fact when 
giv en in these small amounts heparin has been show u to shorten 
tho coagulation time of the recipient This is a constant finding 
(Hcdenius 1937) It is to be remembered that only one tenth 
approximately of the heparm injected into the donor vv ill pass 
over with the transfused blood into the recipient m an average 
volume transfusion When using heparm in placo of citrate 
there is a quantitatively greater amount used, so that care 
must be taken not to exceed the dosage indicated below To bo 
on tho safe side, the coagulation time of prospective patients and 
possibly donors should bo estimated before receiving heparin 
It is claimed that heparm transfusions by either method are 
associated with a lower percentage of reactions than when any 
other anticoagulant is used So far this statement lias not been 
substantiated 

Dosage 

The dosage should lie an amount which vv ill allow the trans 
fusion to bo earned out w ithout hurry j et not enough to prolong 
tho coagulation time unnecessarily In practice, conv eruent and 
safe doses of the Stockholm preparation hav e been found to be 

1 To frpontt i c 0 e donor, 1 mg of heparin per hi?o of bodj iceipht 
if injected intravenous!}, rtndcnj the blood taken 10 minute* after 
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injection incoagulable for fipproximnU ly 40 minute* Direct or 
indirect transfusion rnaj now bo earned out by nnj technique 
2 Ifhepann nuard instead of citrate 20 mg of pure bopnrm (G 4 c c 
of a C per cent solution) is diluted with some st< ale saline m which 
tho l lood is allowed to flow upon icnepimeture Tlurrnflrr tho 
transfusion proceeds as with titrated blood incept that there w n 
time limit within which it must be used, or coagulation will tnfeo 
place 

In conclusion, one might possibly forecast that heparin is 
more likely to fintl its metier in the field of % oscular surgerj , 
in connexion with cmbolectonij and y cuous grafting, in tho 
prevention of post operative thrombosis and pulmonary cm 
holism and jxwsiblj in tho prevention of coronary throm 
bosis and Buerger’s disease Since its presence does not inter* 
fere with ordinary blood analysis it nmj possibly replace tho 
oxalates m the collection of blood samples except for the 
Wassermann reaction for u Inch it is unsuited, as heparm reacts 
with the complement 
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CHAPTER XI\ 

THE TRANSFUSION Or WHOLE BLOOD 
TjrtJir are two methods of transfusing whole blood— direct 
and indirect 

'1 he Urm direct 1 transfusion, accurately speaking, should lie 
confined to transfusions by actual anastomosis hot ween \cssel 
and vessel Tins difficult surgical operation is now obsolete and 
rccentlv tho term direct lias been applied instead to the type of 
transfusion m which donor and recipient, lying »»do by side, arc 
m an. unbroken circuit, being connected by a sy stem of tubing 
with on intervening propelling agent in the form of a syringo 
or pump 

Tho term ‘indirect' should l»e reserved for those transfusions 
in which tho operation is performed in two Julies, the with 
drawal ofblood from the donoi, and its injection into the rcu 
pient afterwards, which may Ihj a matter of minutes or days 
later 

Dmrcr BLOOD TRANSFUSION 

In the early days of blood transfusion, owing to tbe absence 
of anticoagulants, the blood could not lie withdrawn outside 
the body Hie only method then available was some form of 
vascular anastomosis between donor and recipient, usually tho 
radial artery of the former and tho median basilic vein of tho 
latter This method, although brought to a high level of 
technical efficiency In individual ovpert operators — notably 
by Crdc (11)07) in America — 1ms too many disadvantages nnd 
lias now been abandoned The reasons for this may be brieflv 
stated tho operation required a very considerable degree of 
tcchnual ability and men then was difficult because of tho small 
calibre of the radial artery and the mk of movement severing 
the anastomosis it was impossible to measure accuratelv the 
amount of blood introduced, for this quantify cm only be 
guessed by tho fainting of the donor, an improvement in the 
pnticnt or an increase in his weight Clotting smut times 
occurred unnoticed before the transfusion was stopped or the 
patient lnd received enough blood, or the blood might be intro 
ducod too rapidly or in too gnat amount On the other hind, 
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tho injur} to the donor, involving ligature of his radial artery , 
made it possible for lnm to sen e only once again Apart from 
these difficulties, transfusion by anastomosis has been rendered 
unnecessary by the discover} of anticoagulants and tho improv e- 
ment in design of various forms of apparatus 
Direct transfusion and the donor. 

(i) There is a limit — about 300 c c — to the blood that can be 
rapidly withdrawn (especially if tho donor is m a sitting posi 
tion) without the possibility of the donor beginning to feel 
faint, an eventuality which maj suddenly and inconvenient!} 
bring the transfusion to an end 

( 11 ) In the case of a contagious disease there is the possibility 
that tho donor m«} become infected by provirmty to the patient 
(ui) There is a risk of infecting the donor m bcpticaemic cases 
if by chance blood from the patient How s bach into the syringe 
from which it mav then be injected into the donor 

In this country, v here the number of voluntary blood donors’ 
associations exceed the professional sen ices, there has alw ays 
been a disinclination to encourage whole blood transfusion by 
direct methods the reason for this attitude must be considered 
Tirstly, it ls argued that it is imposing too great on emotional 
strain upon a voluntary donor to put him side by side with a 
patient who may bo delirious, or unconscious or may even dio 
during tho transfusion Even under better conditions than 
these, the heat and unaccustomed atmosphere of the etch room 
are more than the donor can reasonably bo expected to w ith 
stand unaffected, at a timo when ho maj already be nervous 
in anticipation of his own part in th6 proceedings For these 
reasons, before undertaking a direct transfusion, the condition of 
the patient and the temperament of the donor should be review ed, 
and tho latter s permission should bo obtained before he is asked 
to serve under auth conditions Various technical objections 
must also bo raised against direct methods of transfusion They 
maj bo considered ns the} appl} to the donor, tho recipient, and 
the operator 

Direct transfusion and the patient. 

( 1 ) With tho fear of clotting alwa}s present, there is a 
tendency to inject the blood too rapidly tlus will be partita- 
o 
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lari) dangerous in advanced seeondm anaemic cases and in 

bal ics 

(n) Slow drip transfusion is impossible 

(m) Large \olume transfusion is impossible 

Direct transfusion and the operator 

(1) Technical!} the operation requires a higher degree of skill 
than when anticoagulants arc used 

(n) The operator s attention is divided between donor and 
recipient either of whom maj move and disjlncc tho needle 
A certain amount of blood is spilt which makes tlio operation 
unsiglitl} 

(in) At least one assistant is necessarj and at least two in 
certain methods 

However as the direct arm to arm type of transfusion is 
almost cxclusivel} u«ed in Franco and Central Europe the 
advantages claimed for tho method (not those claimed for tl e 
use of whole blood) w ill bo considered 

Since the transfusion is a continuous operation and not per 
formed in two halves less preparation is necessary and there is 
a saving of time The blood is confined to a clo ed circuit and is 
not at any time exposed to the air and there is therefore less 
risk of contamination Again the blood is not allowed to cool 
nor is it agitated in its passago from donor to recipient Last!} 
this method is probabl} more economical since no citroto and 
less tubing arc required 

In countries where direct blood transfusions are popular tl o 
transfusion js usuall} obtained by some form of sjnngo -This 
means of transfusing has all the disadvantages chew hero attri 
buted to tho use of the sjTinge for citmtcd I lood transfusions 
hut m the eaeo of w hole blood these are accentuated owing to 
its greater viscosit} The numbers and modifications of syringes 
are evidence of the difficult} of this method 

For tho expert at intrav enous injection the direct method is 
probablv tl e easiest and quickest via} of performing a blood 
transfusion but it cannot be agreed that it is tho safest Tl o 
risk of overloading the circulation by raj id injection is too real 
to be overlooked nor is there sufficient latitude in the dosage 
tho limits of which arc stnctlv confined It is certalnl} better 
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avoided by those who arc not constantly making intravenous 
injections It is only fair to say that from an operative point of 
% lew, the transfusions I saw in France and elsewhere impressed me 
In, their simplicity of apparatus, the rapidity w itbout bustle w ith 
which they w ere carried out, and the non chalance of the opera tors 
Since the principal advantage of direct transfusion, namely, 
the introduction of whole blood, can be equally well obtained 
by an indirect method, the discontinuance of its practice would 
appear to he justified 

INDIRECT TRANSFUSION OF WHOLE BLOOD 
Indirect transfusion of whole or citrated blood has been 
defined as one m which donor and recipient are not m physical 
contact or connected in any way This is the principal advan- 
tage of all indirect methods and the reason for their preference 
in this country How ever that may be, the transfusion of whole 
blood by any method, c\ en by the indirect is alw ays a techni- 
cally difficult proceeding and may give trouble m the most experi- 
enced hands For this reason, ow ing to the readiness w ith w hich 
whole blood clots, speed, as when multiple syringes arc used, or 
collection of tho blood into a vessel lined or made of some anti 
coagulant material, is essential In addition, the blood cannot 
be injected really slowly, and m this limitation lies danger 
Since, however, a certain number of transfusions of whole 
blood by an indirect method are performed each year in this 
country, two methods which have been found satisfactory in 
my experience will bo described 

The multiple syringe method (Llndeman) 

In this method as soon as the syringe, for example a 30 c c 
record, is filled from the donor, it is handed to an assistant to 
inject into the patient, and this m turn is handed by him to a 
second assistant who washes the syringe in saline and returns 
it to the operator At first sight this chain system appears a 
very simple method, and as carried out at, for example, the 
Toronto Children’s Hospital, it certainly w orbs very smoothly. 
However, it is not always possible, in a hurry , to get together n 
team of at least three, or to havo a set of syringes available and 
itt working order 



ISC THr THA> ^FUSION OF WIIOLF in 00 D 
One cannot help feeling that it Mould bo safer to transfuse by 
gome method less dependent on speed fonts success particularly 
in the case of babies Tlie method is mentioned, lionet er since 
it mat lie the only one possible in certain circumstances as for 
example, m the case of outlx mg districts v. here, m an emergenrx , 
no anticoagulant solution or material max be ax adable 

The athrombit apparatus. 

Blood in contact with sxnthctic amber does not clot for a 
short tune 

The athrombit apparatus consists of a cylinder made of 
synthetic amber incorporating the mechanical principle of a 
lumpton Brown tube flic synthetic maternl has been named 
athrombit is amber coloured transparent boihblc and onh 
breakable under extreme proxocation 
At the present time this apparatus is the best av triable for the 
transfusion of whole blood by indirect means It works well at 
times but like all the methods of whole blood transfusion a 
straightforward operation can nexer be absolutely guaranteed 
In a reasonably extended trial I hnxe found that the slightest 
technical hitch will induce clotting and that contrary to the 
claims of the manufacturers no time must be lost in transfusing 
the blood once it has been collected In nix experience the claim 
made that clotting m the flask docs not occur for -J5 minutes is a 
misleading exaggeration In nddition the container is some 
what clumsy to handle and the apparatus is expemix e It is 
of German make, and n hen trax elhng there I had the impression 
that it was not widely u«ed in that country 

Paraffin wax methods 1 

The tiso ofpnrafTin wax first becani witch known through its appliefl 
lion as a lining by himplon anti Ilrown (1915) of flndon to tl» ir trim* 
fusion tube S Light modifications of tlus apparatus the cl 1 fofwlieJi 
haxo been tl o nddition of ft suction tip to niJ collection and of a needle 
to the lower cannula like ext remil} of t> o tube to ax owl culling down on 
the \HH have be* n introduced bx Fercy (1915) of Cl icago Jwvnbm i 
(1023) of France and Uagl ottx (1032) nf Tutxtx 
Tlo Ptrcj lubo has been and atilt u used ntnund) on tie 
Continent but 13 no fongtr the most popular method of tmasfitsim 

1 A cla** xtssscl tl inly coated with mWxr — tlio Kttinef tube — waa lieu g 
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m the country of its in\ ention Tho method has the usual technical and 
clinical disadvantages ns-soctated with tho transfusion of whole blood 
transfusions, namely, the uncertainty of success, limited dosage, and 
rapid injection, and in addition certain special criticisms may be made, 
which have been responsible for its almost complete abandonment m 
this country 

1 The preparation of tho apparatus requires considerable 
time and technical shill 

2 The- paraffin wax is difficult to apply evenly throughout all 
the crevices of the apparatus, so that clotting not infrequently 
occurs in spite of careful attention to detail 

3 The container is not rapidly stenhzable, so that it is not 
well suited to cm eigen cy cases 

4 It is not ideal for transport as the paraffin lining is easily 
cracked 

5 There is apt to be considerable escape of blood m its use 
In addition it may be pointed out that in the pattern used 

most commonly on the Continent — the Percy tube — no needle 
fixation is possible As a result both the recipient's and the 
donor’s -veins have to be exposed by incision — a double opera 
tion requiring an extra assistant 
Furthermore, if tho patient is very ill and multiple trans 
fusions aro being given there comes a time when no more 
superficial v ems arc a\ ailable 
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CHAPTER X\ 


THE TRANSFUSION OF CITRATED BLOOD 

Innumerable pattern? ofnpparatus and modifications of tech 
nique have been dev ised for the transfusion of citrnted blood 
It is important that one particular method should be chosen 
from this company and dev eloped until it 13 reliable in the 
mdnidual operators hands 

In considering the different forms of apparatus for intro 
duemg citrated blood one can perhaps divide them n< cording 
to the mechanical principle involved 
The methods well established m Great Britain arc 
Simple. I The gravity method b\ tube and funnel 

’ 2 The injection of blood b\ air pressure Using n 
flask and bellows 
Special 3 The syringe method 

4 Transfusion w ith the rotary pump — \ combma 
. tion of gra\ ity and pressure 
Methods 2 3 and 4 mat be regarded ns special methods — 
as opposed to the simple gra\itj method — in that thej consist 
of an apparatus sjieeiall} designed for transfusion purposes 
only The circumstances of the case should detenmno w Inch of 
these methods to adopt 

In hospital a means of transfusion must be taught which eon 
be widely applied and which docs not jmolve buying expensive 
or elaborate apparatus I*or this reason tlio simple gravity 
method must hold pride of place jiarticulflrh in teaching 
institutions 

Outside hospital, when for instance a transfusion has to 
bo carried out m a patient e home difficulties of transport and 
assistance will make it advisable to use one of tho more easily 
ojicnted special forms of transfusion apparatus The best of 
these is the rotnrj pump 

Transfusion b\ tho funnel gravitation method and l>\ the 
rotarv pump will now be described in detail Transfusion In 
tho other methods i? not adw«cd for the reasons given on 
pp 22S-3I 
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THE GRAVITY METHOD OF TRANSFUSION ( TUBE AND 
FUNNEL ) 

Tho name of thi3 method is so firmly rooted in the past that 
an} attempt to change it would be unavailing In principle 
the method still remains tho same though the conical funnel 
is no longer used, but has been replaced by a graduated glass 
cylinder 

The Advantages 

Although new methods and modifications are constantly dis 
placing one another, the tube and funnel so fir has outlasted 
them all It is in use in most of the teaching hospitals m London 
and I found it to he the most wide!} practised method w herever 
citrated blood was used in Europe and North America The 
reason is that it is simple — simple to preparo and simple to use 
The component parts of the apparatus are in the possession of 
c\ cry doctor, so that there is nothing to buy and nothing to 
lose that cannot be easily replaced A continuous even flow is 
obtained which can be regulated with a fine degree of accurac} 
Once tho needle has been introduced the transfusion may be 
said to give itself 

However, the method is not popular on all sides and it has 
recently been described in a leading medical periodical m tho 
following terms I venture to suggest that the gravity method 
of blood transfusion is obsolete and when used is sheer cruelty 
to tho nurse w ho stands with anus aloft ’ As will he pointed out 
later some method of suspending the container so that it need 
not be held is the most important preliminary to this method of 
transfusion 


The Criticisms 

Tho criticisms tint are made from timo to time arc that 
An open method ts undesirable Certainly an open method of 
introduction may bo violating a surgical principle but the fact 
remains that blood is actually bactericidal to tho ordinary 
organisms in tho air So far as it Ins been possible to ascertain 
no eases of infection resulting from the exposure entailed b} 
pouring tho blood into a container have been described in the 
literature 



200 Tlir TRANSFUSION 01 UTR \TTD BLOOD 
The blood i » not tnlroduced at body temperature If tho blood ts 
given at a fast dnp or as a continuous stream and is a armed 
to 104° Fahrenheit before being poured into the funnel it 
a ill l>c introduced approximate! v at bod} tempera ture since 
it mil not have had time to cool more than a few degrees 
on its nay down the tubing If on the other hand the blood 
is introduced slow 1% drop b> drop there is no need to w arm it 
(p 240) 

Air /oris increase tl e technical difficulties Troublesome mr 
lochs do occur even in practiced bands but with a little care 
and patience the o can nearly alw aj s be oi crcome particular!} 
if tho syringe method of entering the vein is used (p 204) an 1 
if an air loch in tho form of a glass dropper is included in tl e 
length of tubing 

77 c glass container for the blood 7 as constantly to be ref lied 
This can rtndil} bo avoided b} using a container largo enough 
to hold all tho Wood to 1 o injected 

One or more assistants are required Bj using a fit and to hold 
tho container an assistant becomes unnecessary 
Tor one reason or anotl er it is indeed unusual to see a 
transfusion with tube and funnel go without a hitch but 
this is tho fault of the tmnsfuser rather than the method 
Lack of Knowledge in regard to j omts of technic d detail and 
tho association of too man} assistants are the common causes 
of difliculties in tho execution of this method which will now 
bo described 

The Transfusion 
Apparatus required (I i 0 24) 

The apparatus required is seen in the necom paining diagram 
7 7c container At this point it will 1 o as well to draw often 
tion to tho tcndcnc} to use a container with a rclitnch small 
capacit} — about 200 cc— for tho tube and funnel taje of 
transfusion This has tho disadvantage that it requires con 
fitnntl} refilling during the transfusion hurfhermorc it cannot 
bo adapted for large \ i lmne transfusions To av oid red q lira 
tton of np[an»tus for two methods which on m j rincq le the 
same (small and large volume transfusions) it will be sinq Icr to 
stand mlire a container for all intravenous work A graduated 
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container of capacity I 000 c c mil hold enough for a small 
transfusion "Without being unnecessarily bulk} , and can ca«ul} 
be adapted for a larger volume transfusion for which it will bo 
capacious enough as it is undesirable in the litter to have 
more than one donor b blood in the container at a time (p 250) 
Most doctors possess some form of douche can which is reach!} 
Adapted to a gw itv transfusion In addition b} using almost 
tho Kvmo a] paratus for all types of mtmv enous infusion an 
opportunity is afforded to those interested to become familiar 
with a verj adaptable technique 
The glass dropi n (visiblo feed) If a\ nihlde a glass dropper 
should be included as this supplies Msiblo evidence of tho rate 
and progress of the transfusion Ihe bulb nl o makes a ver} 
convenient air trap 

The syringe Whatever pattern of fringe is used it is 
important that it should be fitted with an eccentrtc nozzle 
fins fitting enables the needle to be introduced w ith the 8} nngc 
parallel to the skin instead of at an angle 

The stand A suitable stand for holding the container is 
described on p 239 

.Technical success m transfusion largely depends upon 
Tho development of a single handed technique 

The stabilization of the two extremities of tho transfusion 
tubing that is to si} the ncedlo in tho vein and tho 
container holding tho blood 

Having a«wv.mUed the apparatus according to I ig £(, the 
operation is started bv securing the container 

THE TECHNIQUE 
First stage — Stabilization of apparatus 

(i) It is iinfiortniit m tl o gravit} method that tho glass 
container should be suspended and not hthl Fveiy w anl has an 
adjustable stand designed for bolding container* for mtrav enow* 
and rectal dnp si line If there is no such stand nvndat lo tho 
container can v erv casil} be strapped to a screen or to the wall 
at a higher level than tho arm 

(it) Tho next step is to pour warm normal saline into tho 
re«ervoir until it comes out bubble free at tho distal end Tho 
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tiibujg should bo held up so that it forms a U bend In this 
way all air will be displaced and air lochs mil bo presented 
When no more air bubbles pass the glass window the controlling 
clip is screwed up tight The tubing is now laid aside and a 
suitable \em selected 

(in) Ihe selection of a vein In tins tjpe of transfusion as 
opposed to a largo volume transfusion it should be possible m 
the great majority of cases to introduce the blood without 
cutting down upon a vein Venesection should be necessary 
only m cases of collapse w ith v cno spasm and in fat subjects 
The antccubital fossa will usually be found to provide the most 
suitable vein For a more detailed discussion of this matter 
seep 261 

(iv) The skin is prepared with spirit in the usual way and 
some form of compression is applied to the ami pioxunal to the 
vein Selected (see p 248) A small wheal is then raised with 
noiocam and massaged awaj 

Second stage — Intravenous puncture 

There are three practical methods of venipuncture 

I RECORD SYRINGE AND TUBING ADAPTOR 

An) record syringe that the operator is accustomed to hand 
ling tna) bo used It should be one w itli an eccentric nozzle and 
w ith a capacity not greater than 10 c c oi it becomes too bulk) 
to manipulate w ith accurac) 

The adaptor should be of the male varict) and attached to the 
end of the transfusion tubing 

The needle selected maj lie an ordinary scrum needle or one 
fitted with a Strauss shield (p 4) It is introduced attached to 
the nozzle of the syringe 

Comment Tins is not an cntxrel) satisfactory method as some 
blood is necessarily lost during the change over, hut it has the 
advantage that no special apparatus is required Unless special 
care is taken the needle will be displaced during the mampula 
tiona It is for tlus reason that control of the needle should bo 
maintained throughout with artery forceps rather than with 
the fingers Mj attention was drawn to this important practi 
cal point b) a Canadian colleague, Dr J Turner of Toronto 




2 Tlic arm band w I xwencd and the content# c f tf o syringe 
re injected to confirm that the eem hi# been tlcanh 
entered 
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3 The change over w non made The needle m the i ein is 
held firmlj and accurately in position w ith a pair at artery 
forceps until after the change has been effected The 
syringe is detached The tubing is picked up with the free 
hand and the male adaptor at its extremity is fitted into 
the butt end of the needle 



4 The joint between needle and adaptor is secured to the 
arm »jth adhesive strapping 
6 The controlling clip below the container is unscrewed 
0 Only when the operator is satisfied that the saline is 
running w ithout obstruction ns shown bj a stead} drip m 
the glass dropper and b} a fall in the le\ el of the saline in 
the rcsenoir should the blood bo added to the container 
and the dnp rate readjusted b} means of the screw clip 
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II SYRINGE AND TWO WAY TAP 



Procedure 

(i) The two way tap is attached to the extremity of tho 
transfusion tubing The standard pattern of tap is 
adapted for record fittings 

(n) Tlie selected needle and syringe (See with eccentric 
nozzle) arc fitted to the two wa\ tap (tig 20) 

(hi) Phe needle is introduced into the vein Intravenous 
puncture is confirmed by withdrawing Wood into the 
syringe 

(n ) The arm bandage is loosened and the contents of the 
atrtngo re injected to confinn that tlio vein has been 
cleanly entered 

(v ) The tw o w n\ tap is turned so ns to put saline needle an I 
utn into continuity 

(u) Phe controlling clip below the container is unscrewed 
(vu) Ab soon as the saline is running satisfactorily the needle 
and tap are secured to tho arm bv a tmnsv me piece of 
straj ping and the svrmpe is carefully detached 
Comment Jio Hood need be lost bi this method It has 
the disndi antngc that a small piece of special apparatus is neces 
s»r\ and that this must strapped to the arm with the 
needle It is a littlo clumsy 
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III S\RI\GE WITH A SIDE ARM 




! ns $1 


Procedure 

When n sjnngo with 11 Hide ami is used tho transfusion 
tubm„ is filled with wilme ns before Tlie side nrm of the 
syringe is then attached to the end of this tubing with the 
plunger pushed homo I he \ cmpuncturc is nude and confirmed 
bv withdrawing blood into the syringe Hie plunger is with 
draw iv up to the level of tho wide anw On pacing this level the 
kulmc is put m conncvion with the syringe and on the release of 
the controlling clip will flow through tho springe into the vein 
ihe syringe w ith plunger in situ should be strapped to the arm 
The speed is regulated 1>> the screw dip 

Comment* rhere nre several minor disadvantages of this 
particular method 

( 1 ) Tho weight of the tubing attached to ono side of the 
sjnngo gives an unfamiliar balance to tho intravenous 
manipulation 

(u) A special syringe is required 

(m) Tho springe cannot be removed after the intravenous 
puncture but must bo stropped to tho limb 
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A method to a\o!d. It occasionally happens that a nurse is 
ashed to hold the funnel and compress the tubing, while the 
needle — attached to the distal end of the tubing — is thrust into 
the vein When the needle has been inserted the nurse lovrers 
the funnel below the level of the selected vein and releases the 
tube Blood will then flow back if the \cin has been success 
fully entered if not, it is compressed and raised again Raising 
and lowering of the funnel is continued until the vein has been 
entered Owing to the alternate compression and relaxation of 
the tubing there is a chance that an air loci will hold up the 
flow or that some saline tull escape into the tissues round the 
vein and obscure it If the container is stabilized and the \ ein 
entered by one of the methods already described these mechani- 
cal interruptions can be avoided The need for the additional 
assistant is avoided by stabilizing the funnel and by doing the 
operation in two stages, the needle being inserted first and then 
connected up to the rest of the apparatus 



TRANSFUSION WITH THE ROTAR\ PUMP 
Tka'ssflsion with the rotary pump combines the advantages 
of an apparatus capable of exerting a positive pressure with 
tho«c of the simple gravitation method 

Excellent as the simple gravita method is for most puqwses 
there arc occasions when it is essential to be able to exert a con 
trolled positive pressure This is particular! v nccessarj in casts 
of collapse — when tho \ cm may be in spasm and offer resistance 
to the inflow of fluid — and in transfusing infants 

Quite apart however from these absolute indications for the 
exertion of a positne pressure during injection tho general 
conduct of nnj transfusion is great lj simplified In means of a 
rotarj pump if there is one available 

The pump fulfils the following criteria which nnj nowadays 
be demanded of a special transfusion apparatus 

The propelling agent 

(l) The propelling agent should be rend} Tor use at all tunes 
and should not require rterili > ng or at trailing 

(u) It should be so constructed that there are no dtlaclablr 
]> arts which might get lost or interchanged 

(m) As far ns possible it should be xndeitructiblc and not 
sul ject to mechanical failure 

A sjiccial transfusion apparatus should 11K0 fulfil the follow 
mg general principles 

(o ) It should lie possible to operate the method single fan ltd 
to introduce the blood at a drip rate 
to exert a definite jKMiftte t r uegatue 
pressure wlicnci er desired 
to clange over at anj time to the 
injection of another fluid such as 
glucose saline solution 

{b) It should cnalle a clean surgical ojicration to le per 
formed 

(e) On.cc. started the transfusion should continue automat i 
cally if desired that la to sa\ In grav it\ or kv phonnge 

Apart from fulfllltng these condition‘d an important fc iture 
of tho pump is that it allows a constant negative pressure to lie 



THE TR^SFUSIOV OF CITRATED BLOOD 21 1 

maintained while the attempt at v enipuncture is being made 
Una point is explained later (p 222) 


DESCRIPTION OF THE PUMP 
The description. 

The pump consists of an aluminium casting the centre of 
which js bored out so as to form a well with straight sides, 
2 inches in diameter and 1 inch deep 
In the centre of tho base of the well is the rotor The lower 
end of the rotor is in tho shape of a circular disc which can he 
rotated by means of a crank handle at the upper end Between 
the crank handle and the disk revokes the roller which com 
presses tho rubber tube against the wall of the w ell The spindle 
on which this rollci revolves is provided with eccentric end 
bearings for the purpose of v ary mg the pressure on the rubber 
tube 


The principle 

Tho principle of tho pump j<* merely the action of a cylindrical 
roller massaging a rubber tube backed b\ a solid, smooth sur 



A ft OS SALINE 


1 in 32 Tho principle of ll e pump 


face As a result two chambers arc formed m the tube, one on 
each sulc of the point of contact of the roller It w ill bo readily 
understood that as the roller moves along the length of the tube, 
the chambers w ill vary proportionately in vol unic The chamber 
behind the roller will increase in volume and suction will be 
produced The chamber in front of the roller w ill be reduced in 
volume and compression will be obtained By looping the tube 
m a cylindrical cup in which a roller revolves from a central 
axle, tho same effect is produced in a more hunted space 
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The drip adjustment 

\ roHr> pump vra-s described b\ Xocl in INTO and a more 
recent model has been elaborated b\ the prerich engineer Hcnn 



fro 31 \ ICf OPLM Di I nwmire on tl o 
till ini* ii pel ft* tl " a IjostnWo *epi™?nt 

of Hio wall of tl p wrll tm \p* nvrnv PJ)™! 
will novi flow by grovftj- 

(1*130) Tire latter a hand pump Vnonn ns the Henn Jonvilct 
apparatus Mas intended for drreet arm to arm transfusions it 
was not dc-ogned for transfusions at a drip rate for which it is 
u nsm title it is also necessary to work tins machine b\ hand 
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continuously throughout the transfusion These anti other 
disadvantages made this particular apparatus unsuitable for the 
transfusion of citrated blood 
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The ntsvr pattern of rotary pump seen in Fig *13 has been 
devned so as to allow of automatic transfusion at any rate of 
flow This has been achieved bv making a section of the u all of 
the well movable 

A segment of the \v oil forming the v ell is adjustably mounted 
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on a projection of the base and the radnl movement of this 
segment n controlled bj a screw The reason for this adjust 
went is twofold firbtlv it serves the purj>o„e of introducing 
the rubber tube into the well anil clamping it tn ptsition in 
the two lateral channela which enter the well at a tangent 
Second!* the screw adju tment acts as a drip regulator 
when the roller remains stitionnrj opposite the inovalle 
segment 

In u«e the pump mi* bo steadied b} «crcw ing it to the operot 
mg tible or a side tabic such is the patient s locker A mere 
practical arrangement than this is to combine pump and 
bottles in such a va* as to form a transfusion unit 


TUF TRANSFUSION UNIT 

In spite of centralizing the equipment considerable delft) on 
still take place before a transfusion is under wav This is due 
to the disjointed nature of the usuil transfusion apjnmtus— 
the profiling agent the bottles the tubing the thermometer 
— each forming a separate item 

Dus disadvantage can Ikj overcome by combining the carious 
comj/oncnt* into a single unit In this wij the efficient* of the 
method is nppreciabK improved the technique is simj lified and 
the apparatus stabilized 

Such a unit w reidilv arranged when the pump is used as this 
docs not require sterilizing II* fixing the containers at one 
end ofo small board and the pump at the other the transfusion 
unit seen m iig 2S i> produced In this manner Is formed a 
strong stable jlatform from winch the transfusion can lie 
directed » ithout interruption 

flic bottles arc eictircd bv means of spring dips whith 
project from tither side of n central strip t f metal earning a 
scale graduated m cubic centimetres Ilj having a scale m this 
position the expense of graduation is avoided when using the 
fetaw lard capacit*. 20 ounce. screw capped \V mtUt-oder bottles 
for loth saline ami 1 loixl Tlie sjnng clips are so placid in 
regard to height that the* gnp the liottli neck immediate!* 
above the shoulder In this wav tl e bottles are lit Id down ns 
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I ic 34 TImj tn nsf s on unit 

well as in so that there is no rattling in transport The unit is 
covered bj a hd which has a removable box occupying the 
space over the pump in which extra apparatus such as tubing 
and instruments can bo earned In this w all dead space is 
obliterated 
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*>ir 

TECUM QUE OF TRANSFUSION WITH THr ROTARl 

tump 

The Apparatus 

Sterilization .The different piece? of nj pin tin deseril ed 
I elow should be kept n«scml led as a unit and stenhred The; 
rtaddv make up into a small compact j arccl 



Components II o npftnratus required hr a tmnifii«ion in 
the order ill which it i<* nsscml led will 1 e 
IW ] cr 1 1 till 
tollnpH II t b ns 2 incj e*« 
flirt m iinl w 
I nn» n t b p r ft I 
Cl v« Irnj p* r 
U bt*r bis 

3 Iter j 


bled n ! 
k j t i» » 

Ht nlc park I 
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In addition there will be required 

The transfusion unit with rotarj pump 
Screw cap bottle— blood, 

Screw cap bottle — glucose saline 

and the usual requirements for local anaesthesia and skin 
preparation 

General considerations 

The tubing should be of sufficient length to allow the pump 
to be raised well above the level of the vein selected It should 
be pressure tubing of a size which can be accommodated bj 
the pump (seo p 241) Ordinary tubing is not satisfactory m 
the pump The tubing should be sterilized by boiling (p 242) 
The glass window should be placed dose to the needle 
The union is effected by a verj short piece of collapsible tubing 
This plays a special part during venipuncture (p 223) It 
sometimes happens that the observation window is separated 
from the needle by six inches or more of tubing In su< h a 
case, in order to confirm the point of entry of the needle into 
the vein, blood must be withdrawn through n greater length ot 
tubing than is necessary, which increases the risk of clotting 
The filter and dropper If necessary the transfusion cm 
be performed without the weighted filter or the dropper but 
both should be included if available, particularly the visible 
feed 

If no weight is used, the end of the tubing renting on the 
bottom of tho bottle should be notched so that when suction is 
mndc it w ill not stick to the bottom of tho glass 
If no dropper is used the rate of flow must be determined by 
obseri mg the lev el of fluid in the bottle The output per revolu 
tion is also constant, being approximately 1 cc, but this is an 
unnecessarily tedious method of calculating the v olume injected 
Glucose saline. Isotonic — glucose saline or simply normal 
salino may serve several purposes 
0) By filling tho tubing with this solution rather than with 
blood at the outset a translucent medium is provided at 
the level of tho observation window, so that when blood 
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is drawm from the vein it can bo clearlj seen Tins is a 
point of great practical importance in making a success 
fut venipuncture, and it also makes the operation cleaner 
and avoids am, possible w astagc of blood 
(n) Bj starting the transfusion v.ith glucose saline the opti 
mum moment for introducing the blood can be selected 
(m) In an emergency it maj be ruh isable and is sometime'? 
very useful to be able to begin the transfusion with glucoso 
saline while waiting for the donor to arrive (p 233) 




t jo 1C Loading tJ o tmnsf a on tin t 

Loading (Fig 36) 

1 Xho weighted filter is lowered into the saline bottle 

2 1 he needle is keptstenhred by placing itin thechpproMded 

3 The tubing is looped into the well of the pump and the 
\ ice closed 
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4 The handle of the pump is turned m a clockwise direction 
to displace all the air in the tubing until saline drips 
from the end of the needle and no more bubbles pass 
the window 

A suitable vein is selected and some form of proximal com 
pression applied to the limb The overlying si in is prepared 
and a small wheal raided with local anaesthetic 


Injection (Tig 37) 

Tl e injection is now ready to begin with the tubing still m 
the saline 

5 The needle is inserted and as goon as it is thought that 
the \cm has been entered 


6 the operator s free hand turns the handle of the pump 
through half a circle m an anti clochwiso direction 
Blood will immcdmtcl\ flow into the window if the needlo 
is m the \cm 


7 The pressure bandage is now sine) ened and the injection 
of saline begun 


8 Only when the infusion is seen to be proceeding satisfoc 
tonh is the tubing tran:»ferred from tho saline bottle into 
tl e blood the injection bung stopped while the change 
o\cr is made 

If a two way tap is included in the length of the tubing 
there is of course no need to stop the transfusion while 
the tap is switched across fioni saline to blood 


0 The needle should bo secured m place w itli a j iccc of 
strapping 
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Continuation of the transfusion 

The transfusion rnaj now be continued b\ hand or 1 y grant) 
To continue In gravit) it will be necessar) 

(1) To raise the blood and the pump (the unit) to a higher 
level than the selected vein the height depending on the 
resistance to the inflow which in turn depends chicfl) on the 
bore of the needle emploj ed 

(2) To turn the handle of the pump to the mid position 
(Iigs 3G 42) as in any other position it will obstruct tho 
tubing 

(3) To unscrew the vice until the required rate of flow is 
obtained 


FAILED \ENIPUNCTURE 

It is always beat to attempt a difficult % cnipuncture in three 
stages 

If after inserting the needle beneath the skin (Fig 38) 
negative pressure is made the tubing between the needle and the 
window will collapse (Fig 39) as the result of the suction 
exerted when the pump handle is turned Without removing the 
point of the needle from the tissues its position can be changed 
until the lumen is successful!) negotiated \\ ith tho entrance of 
tho needle into the vein the walls of the collapsed tubing 
suddenly disten 1 and 1 lood is seen in the window (Fig 40) 
Tins deliberate collapsing of the tubing is a most helpful 
inancem ro 
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MANAGEMENT OF THE TRANSFUSION WITH THE 
ROTARY PUMP 

The handle 
Short transfusions 

Once the needle is in the a cm the handle of the pump need 
not be used again except in those few cases m which it is 
necessary to make a positive pressure throughout the trans 
fusion for example to o\ ercomo venospasm in a shocked 
patient In the majority of transfusions the handle of the pump 
is merely used ns ft comement instrument to start the trans 
fusion w Inch is thereafter con turned by ej phonage at a drip i ate 
Long tians fusions 

In a long transfusion it is an advantage to he able to exert 
positive pressure from time to time during the course of the 
transfusion In this way the tubing can ho flushed through at 
intervals bo that any tendency to dot formation or obstruction 
is diminished Once every hour after first closing the vice the 
handle should be turned three times in a clockwise direction 
once every six hours the tubing should be transferred for a 
short time (15 to 30 minutes) to saline 

Temperature control 

For transfusions at a drip rate that is to say the majority of 
transfusions there is no need to heat the blood in the container 
above room temperature level It 13 good practice how over to 
bandage (over cotton wool) the last six inches of tubing to the 
patient s arm so that all the body heat a\ ailahle may be trans 
nutted through tlio tubing to the blood just before it enters the 
patient 

In the few cases of rapid transfusions the blood bottlo should 
be kept in a bowl of water at 104° 1 until the blood is required 
for injection — that is to say until the vein has been entered and 
Uie saline is running w ithout obstruction 

The blood 1 ottle is then fitted to the unit and the tubing 
lifted ov er from the saline In a transfusion of 500 c c giv on in 
twenty mmutea to an exsanguinated patient — the blood will 
probably not require heating again during the injection — if 
given more slowly the blood can be stood throughout in a hath 
of water at a temperature not exceeding 104° Fahrenheit 
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Rate of flow. 

Hie flow depends upon the vertical height of the container 
above the vein selected and upon the resistance produced 
peripherally by the needle and \cin 

The rate of flow is regulated by the screw on the movable 
portion of the pump 

The range is wide — from a rapid continuous stream to a few 
drops a minute 

Sedimentation of corpuscles 

On standing, the red corpuscles sediment to the bottom of 
their container Although this is not a matter of very great 
practical importance, the passage of concentrated corpuscles 
only is likely by increasing the viscosity of the blood to induce 
earlier clotting than would occur if the cells were mixed with 
the supernatant scrum 

The mixing of cells and scrum may be brought about in two 
ways 

{1) By hand Iho blood bottle in the transfusion unit is 
remov ed from its clip and gently rotated till mixing is complete 
This should be carried out systematically every half hour, it 
only tabes a moment or two 

(2) By bubbling oxygen through the blood The arrangement 
for this mechanical method of continuous aseptic stirring of the 
blood is seen in Tig 41 The cork is fitted with a small piece of 
glass tnbuig for the w ithdraw al of the blood, and with a standard 
Clover’s ether dropper which provides the oxygen inlet and 
outlet 


DIFFICULTIES 

The difficulties met are all due to actual or partial obstruc- 
tion Air locks do not cause trouble liy this method 

Slowing of the drip-rate. 

If the dnp rato slows or stojw, there is either an insufficient 
head of pressure to maintain the flow, or there ls an obstruction 
Before assuming that an obstruction is present the height of the 
transfusion unit should be cheeked 
Q 
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(!) The height of the transfusion unit 
To maintain a satisfactory flow tho bottle of blood in the trans 
fusion imit should be at least two feet above the level of the 
selected vein If raising the unit does not restart tho flow there 
is probably an obstruction present 
This may bo due to 

(t) a tight bandage or strapping proximal to the point of 
entrance of the needle which will require loosening or 
removing 

(u) the a eight of the bed clothes pressing on the tubing 
or the limb This can bo relieved by rearranging the 
bedclothes and by tho use of a cradle 

(ui) kinking or overlying the tubing 
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tio 42 A frant/anon tn projre,** The tubing vs now in tho blood battle 
The needle u in « forearm vein The transfusion unit is rawed on a a do ta! 1o 
It »s usunllj nioro ron\enicnt to do thia by moans of the slotted rod fitting 
Been in figs. 40 and 51 
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(iv) Ihe handle of the pump being away from the mid 
position, m which case the tubing vntl bo directly 
obstructed by the roller 

(2) Obstruction In the filter. 

(i) The fine mesh of the filter may be blocked by clot If tins w sus 
pectetl tbo transfusion should bo temporarily stopped without 
withdrawing tho needle, the filter is then removed While the 
filter J3 being cleaned tbo transfusion can bo continued by truns 
fernng tho tubing to tho saline bottlo 
(u) Hie filter maj bo resting on a portion of clot at tho bottom of tho 
bottle To teat this raise tho filter and if tho flow restarts it will 
bo unnecessary to do onj more tlian suspend the filter so that it 
is clear of tho upper surface of the clot 

(3) Obstruction In the needle. 

(i) Malposition Before assuming that the needle w blocked tho 
position of the limb should be altered — for example at the elbow 
some degree of flexion is usually advisable If tho elbow is fully 
extended I have noticed that there is a tendency to intermittent 
obstruction 

If changing tho position of the limb dots not restart the flow 
tho position of the needle should be examined Tho shaft of the 
needle may be lying obliquely to tho hngth of the \em instead of 
m the same lint or the point of the needJo moj be directed against 
the anterior wall when it can be filt beneath tho shm This fault 
can bo corrected by placing a small pad under tho hilt of the 
needle, which by raising this part depresses tho point 
(u) Clot If tho flow does not restart after checking tho possible causes 
enumerated above, tho handle of tho pump should bo turned 
gentlj in a clochwwi direction Obstruction is shown bj a mo in 
tho lev el of blood in tho drip bulb In tho case of true obstruction 
tbo needle must bo removed, the tubing washed through with saline 
to clear it completelj of blood and tlic transfusion started nfredi 
by introducing the needlo into another vein, preferably ut tho 
opposite limb 


SYRINGES 

With most transfusion sy ranges there js a two or three vvaj 
tap by means of which the syringe is connected on filling with 
the blood, and with the patient’s t tin on being oracuated 
The types include the three way direct flow , Rotandi Jubd — 
used in Great Britain — and Tzanck, Oehlecker, Unger, Soresi — 
patterns used elsewhere 
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I liatl an ex pen once of ov er two hundred transfusions with the 
special blood transfusion syringes before giving up this method 
My reasons for abandoning the syringe method are given below 

General criticisms 

1 Multiplicity of parts A syringe manufactured in thi3 
country has eight parts fiv e of them vital If one of these is for 
gotten or lost or lias become interchanged with another syringe 
of the same pattern the transfusion cannot be gn cn by that 
syringe In addition these multiple parts take time to assemble 

2 Sjrmgea have to be 8lertlu.ed—iE this is not done until 
immediately before the transfusion the glass barrel must be 
left some timo before it will be cool enough to fit the plunger 

2 Springes ma> break or crack while boiling to sterilize 
while m use if any strain is put upon the ]omts while cleaning 
after the transfusion or m transit 

4 Syringes are expensive to repair and replace Replace 
ment of the glass barrel of one pattern of syringe costs 12? G d 
G An assistant is usually required It is not eas) for an> one 
inexperienced w ith special blood transfusion aynnges to do the 
transfusion without help 

<5 Many syringes are of foreign make and representatneswho 
have undertaken to do repair work are few and far between and 
usually out of the spare part when it is required In many cases t ho 
syringe has to l o sent abroad which involves an irritating dela> 

7 The all metal syringe is not a solution of the problem smeo 
these syringes dent which is even worse than breaking Another 
disadvantage of tho all metal syringe is that the blood cannot be. 
seen during injection 

Disadvantages during the transfusion 

(i) Tho blood cannot lie introduced at a drip rate 
(u) .The flow is intermittent not continuous and it cannot be 
obsen cd 

(hi) Tho transfusion is not automatic as the syringe has to be 
held and worked throughout The result of this is fatigue and a 
tendency to gi\o the transfusion too quickly 

(tv) Syringes stick Tins can be a \er\ serious matter and 
maj invoke abandoning the transfusion Jamming raa$ still 
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occur in spite of careful cleaning, the use of liquid paraffin, and 
assembling while cool 

(v) Syringes leal This does not matter very much, hut it is 
unsightly 

METHODS OF INTRODUCTION USING BELLOWS 
(AIR-PRESSURE) 

Positive air pressure as a means of introducing blood w as first 
employed by Robertson (1918), whose ‘bottle was a familiar 
sight in hospitals towards the end of the War It was later 
improved by Keynes (1920) and this apparatus has m turn 
been modified by McCartney (1935) 

The principle of these methods is to create a positive pressure 
in the flask or bottle used by means of bellows attached to n 
Bide arm The pressure everted on the surface of the blood dis 
places it through an outlet tube from which it passes by w ay of a 
length of tubing to the patient 

The flask and bellows method was not chosen as the special 
method for detailed description in this book os in practice I 
have found it to be less reliable than the rotary pump Although 
the bellows method works very well in the hands of those who 
are used to it it is not w idely used in this country to day 

The difficulties that may be met w ith in the course of a tram 
fusion will now r be mentioned 

1 The assembly of the apparatus has to be made in relays 
there are three stages (a) filling of the intermediate section with 
saline (b) insertion of the needle into the patients \ein (c) 
connexion of intervening segment, distally to the needle and 
proximally to the air lock It is not altogether easy to do this 
single handed and the apparatus can only ho assembled mime 
dmtely before use It cannot be set up before arriving at the 
patient s house 

2 There are multiple joints each of which is a point of 
insecurity 

3 Two accurately fitting rubber bungs are required If the 
apparatus is not very frequently in use the rubber stiffens and 
is no longer air tight either at the sides or at the central 
perforation On one occasion in my experience when the bung 
was produced after a long interval, it could not be used on 
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account of the stiffening McCartney (1033) has overcome this 
particular difficulty by substituting a metal screw cap carrying 
an inlet and outlet tube in the place of the rubber bung This 
has the advantage that it is a standard fitting, and so will last 
indefinitely 

4 If too great a positive pressure is raised within the flask 
the rubber bung will blow out If at the end of the transfusion 
tbo positive pressure within the flask is not first released before 
withdrawing the needle from the vein o considerable escape of 
blood will take placo If the level of the blood is not noticed 
towards the end of the transfusion it is possible that it may all 
be injected and bB followed by the air in the flask, with the 
possibibty of nir embobsm 

SUMMARY 

(i) Transfusion by a gravity method is the simplest and safest 
method of transfusion for general use 

(u) In special circumstances it will be quicker and more 
practical to use an apparatus designed sold} for blood trans 
fusion purposes 

{m) The special apparatus selected for a detailed description 
as being tho most reliable is the rotary pump 

(iv) The efficiency of the pump is increased by uniting it with 
the other components of the method, so as to form a co ordinated 
transfusion unit 

(v) The disadvantages of methods depending upon air 
pressure and injection by syringes are outlined 
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occur in gpite of careful cleaning, the use of liquid paraffin, and 
assembling while cool 

(v) Syringes leak This does not matter v ery much, but it is 
unsightly. 

METHODS OF INTRODUCTION USING BELLOWS 
(AIR-PRESSURE) 

Positive air pressure as a means of introducing blood was first 
emplojed by Robertson (1918), whose ‘bottle’ was a familiar 
sight in hospitals towards the end of the War It uas later 
improved by Keynes (1920), and this apparatus bas, m turn, 
been modified by McCartney (1935) 

The principle of these methods is to create a positive pressure 
m the flash or bottle used, by means of bellows attached to a 
side arm The pressure exerted on the surface of the blood dis- 
places it through an outlet tube from v. Inch it passes by way of a 
length of tubing to the patient 

The flash and bellow s method was not chosen as the special 
method for detailed description in this book, as m practice I 
hai e found it to be less reliable than the rotary pump Although 
the bellows method works -\ery well in the hands of those who 
are used to it, it is not widely used in this country to day 

The difficulties that may be met with in the course of a trans 
fusion will now be mentioned 

1 The assembly of the apparatus has to be made m relays 
there are three stages (a ) filling of the intermediate section with 
saline, ( b ) insertion of the needle into the patient’s \cin (c) 
connexion of intervening segment, distally to the needle and 
proximally to the air Jock It is not altogether easy to do this 
single handed, nnd the apparatus can only be assembled imine 
diately before use It cannot be set up before arm mg at the 
patient’8 house 

2 There are multiple joints, each of which is a pomt of 
insecurity 

3 Two accurately fitting rubber bungs are required If the 
apparatus is not \ery frequently in use the rubber stiffens and 
is no longer air tight, either at the sides or at the central 
perforation On one occasion m my experience, w hen the bung 
was produced after a long interval, it could not be used on 
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account of the stiffening McCartney (1933) has overcome this 
particular difficulty by substituting a metal screw cap carrying 
an inlet and outlet tube in tho place of the rubber bung This 
has the advantage that it is a standard fitting, and so will last 
indefinitely 

4 If too great a positive pressure is raised within the flask 
the rubber bung mil blow out If at the end of the transfusion 
the positive pressure w ltluu the flask is not first released before 
■withdraw mg tho needle from the vein a considerable escape of 
blood w ill take place If the level of the blood is not noticed 
towards the end of the transfusion it is possible that it may all 
be injected and be followed by the air m the flask, with the 
possibility of air embolism 

SUMMARY 

(i) Transfusion by a gravity method is the simplest and safest 
method of transfusion for general use 

(u) In special circumstances it wdl bo quicker and more 
practical to use an apparatus designed solely for blood trans 
fusion purposes 

(m) The special apparatus selected for a detailed description 
as being the most reliable is the rotary pump 

(i\ ) The efficiency of the pump is increased by uniting it with 
tho other components of the method, bo as to form a co ordinated 
transfusion unit 

(v) The disadvantages of methods depending upon air* 
pressure and injection by syringes are outlined 
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AN EMERGENCY TRANSFUSION 
Blood transfusion in common with moat surgical procedures, 
is rarely ab initio a matter of griv e urgencj It becomes an 
emergency, however if the occasion should find us unprepared 
or if we are asked to give the transfusion at the last moment 
Delay in decision or delaj in execution ma> thus create an 
emergency state where one should not have dev eloped B3 
keeping the outfit read* packed for use no time is wasted in 
sterilization and assembly The true emergency transfusion is 
most often required for trauma 
The exact procedure to be adopted will naturally depend upon 
v, hether or not there is a\ ailnble a donor of known blood group 
and this in turn will depend upon the existence of a transfusion 
service m the district 

There is a transfusion service 

(а) The patient is in hospital The patient should be 
ty ped and a donor of the appropriate group obtained from the 
transfusion service 

In no circumstances should it ever be neccssaty for a hospital 
to ask for a member of the so called uim ersal donor group 
because ‘there was no time to group the patient’ The blood 
group cm be determined in under five minutes and the deln> 
is not long enough to prejudice the life of a patient w ho is bkelj 
to respond to blood transfusion 

(б) The patient is not in hospital Telephone instructions 
(i) To clear the patients room as far as possible of all 

unnecessary furniture 

(h) To prepare a room next door for the donor 
(m) To get m communication with relatives who 11113 bo 
required as donors 

It is good practice to go to the patient s house as soon ns possible 
This gives ono the best opportunity of assessing the seventy of 
the haemorrhage and the need for immediate action In the 
majority of cases the urgenc5 not unmturaUj, is greatly 
exaggerated Outside the operating theatre there arc few 
occasions when a blood transfusion must be given within the 
hour When, however, m the opinion of tho operator the case 



ran transfusion of citiiated blood 233 
appears to be one of genuine urgency and the patient is some 
distance away he will be well advised to arrange for a donor of 
the umxersal donor group to be sent direct to the patient’s 
homo before ho himself sets out To omit grouping in these 
circumstances is justifiable as, owing to the time lost in tra\ el- 
ling, there must otherwise be considerable delay before the 
patient’s blood group can be known and a donor obtained 
If tho urgency is not great, however, the recipient should be 
grouped and cross matched w ith the donor in the ordinary waj 
If tho donor has not come by the time I have arrived at the 
patient’s home and there is clearly no time to be lost, it is my 
own practice to begin the transfusion — or rather infusion — uith 
glucose 5 per cent , or glucose saline If it is necessary to cut 
down, this should also be completed w hile one is w aiting, and the 
cannula tied m Then, when the blood has been collected, all that 
remains to be dono is to add it to the sabne If the transfusion 
unit is being used tho plunger filter is taken from the saline 
bottle and placed in the blood 

There Is no transfusion service. 

If there is no transfusion service or panel of donors, the 
patient’s friends or relativ es must be relied upon Relatives are 
to be preferred to friends as they are more likely to bo com- 
patible 

In an emergency there will be no time to exclude syphilis 
except by questioning and by clinical examination, but together 
these methods arc \ cry reliable Tho Kline exclusion test can 
bo completed in tw o hours if there is an expert available (p 90) 
Tho subsequent procedure will depend upon whether typing 
serum is a\ aiHblc or not 

If typing scrum is available, the patient should bo grouped and 
a donor of the same group or group 0 selected 

If no typing serum ts available, a reasonable quantity of tho 
recipient’s serum should be collected by withdraw ing blood from 
a small x cm into an hypodermic sjringe B\ mixing the separated 
recipient’s serum so obtained with a drop of whole blood from 
each of the prospective donors, tho compatible donors can lie 
selected and the others rejected, without knowing the blood 
groups of any of tho mdi\ iduals concerned 
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Note (i) It is as well to remember that a blood transfusion 
can only be accelerated up to the point when the blood starts to 
run into the patient after that no further expediting is possible 
or legitimate, in -new of the dangers associated with speed shock 
o\ erloadtng, and rigors 

(u) If there is no citrate or other anticoagulant a\ adable, tho 
blood should he defibrmated This can be acluexed quite 
efficiently with a sterilized fork 
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CHAPTER XVI 


APPARATUS 

THE CENTRALIZATION OF TRANSFUSION EQUIPMENT 
Transfusion personnel. 

Although: blood transfusion is now a comparatively common- 
place event, the preparation involves, in comparison with other 
operations of the same category, a disproportionately greater 
number of uidiv idnals and more disturbance Some dissipation 
of personal effort cannot always be avoided, nor is it necessarily 
desirable that it should be, but the more individuals invoked 
the more opportunity there is for delay and for error It is by 
no means unusual for the determination of the blood group to be 
made by a pathologist, the collection of blood by a resident 
medical officer, the cross matching by a house officer, and the 
injection given by a surgeon This arrangement js convenient 
m a large hospital where transfusions arc frequently performed 
and where supervision and help are readily obtained, but in 
smaller institutions and in practice awaj from hospital the 
system is as unsound as it is unsafe 

Transfusion equipment. 

In or out of hospital much time and energy can he sa\ed by 
beeping the necessary apparatus and solutions for transfusion 
sterilized and ready for u«e, in a cupboard (rig 43) reserved for 
the purpose m some accessible ward or operating theatre As 
far as possible the apparatus (tubing, dropper, glass connexions, 
Ac ) should be sterilized tn an assembled form, so tliat 
when required it is not necessary to fit the different parts 
together 


COLLECTING BOTTLE 
The Advantages t>S Standardixation 
In v lsiting different London hospitals to seo transfusion w orb, 
one of the most striking differences I noticed betu een each w as 
in tiie t\ pe of bottle or flask used as a container for the Wood 
There was a great variety of these, no two hospitals using the 
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same shape or size or obtaining them from the samo firm 
The majority of containers acre hand made, which from the 
economic point of view is unsound, because the cost of a glass 
\essel is much greater when hand blown than when it is cast 
from a mould, sinco in the former case production of the flask 
involves more labour Again, with the hand made bottle, 
varying quantities of glass arc taken up each tune so that its 
capacity and the inside diameter of the 
neck are not constant The practical 
outcome of this is that a rubber bung 
which will fit one hottlo tightly will fall 
through the mouth of another 

It is desirablo then, both from the 
point of view of expense and to obtain 
uniformity of size and capacity, that 
the particular transfusion bottle chosen 
should ho of a pattern that is manu 
facturcd m largo numbers 

The Screw-cap Bottle 



I . ! 


Fio 44 Tho screw capped 
— pint size — ' \\ indicator 
Pottle 


'iho bottle which appears to fulfil 
most closely the required conditions is 
tho 20 ounce screw capped Winchester 
bottle (I jg 44) Tins pattern is already 
being used in many of the larger 
London voluntary hospitals and 
throughout the London County Council 
hospitals as n standard container for 
intravenous solutions (McCartney, 1033) 

Tho committee of consultants appointed to the British Red 
Cross Blood Transfusion Scr\ ico has also provisionally selected 
this bottle as the most suitable for the storage of blood in the 
cient of the outbreak of hostilities It 13 mass produced in a 
large range of different capacities — although the pint size is the 
most suitable for transfusion work — and it is made m plain 
and amber coloured glass The bottles cost a few pence each 
They are manufactured bj tfie United Glass Blowing Company 


Another excellent container is the well known wide mouthed 
dairy milk bottle 
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The screw cap 
I think that it is particularly important that the glass run 
surrounding the mouth of the bottle should be protected from 
dust collection 1 ins is most effectively 
achieved by means of a screw cap which 
covers the whole of the dangerous area 
(Tig 44) Tho alternativ o arrangement 
m which the mouth of the bottle is 
closed with n glass stopper or rubber 
bung allow 8 dust to collect on the run 
w lienee it may be displaced into the 
blood during the act of pouring from 
one \e°sel to another (Fig 45) The 
screw taps are made of aluminium aro 
lined with cork or rubber and are eery 
cheap 

Sterilization 

Preliminary washing New bottles 
should always bo washed and boiled 
l eforo use Tins is because new glass 
may yield alkali Onfillingancw bottlo 
with distilled water shaking and allowing to stand tho pH 
of the contents may 1 o just on the alkaline side but after a 
single boiling thc^c bottles rarely yield more alkali 

( Autoclaving A pint bottle containing r 0 co of sodium 
citrate should be nutodai ed at 5 lb pressure for 40 minutes If 
a higher pressure than this is used the citrate breiks down into 
a very flue crystalline powder ’l he Btoppcr should be closed 
when autoclaving with a solution in the bottle 

INTRAVENOUS STAND 

Stand for suspending a glass container (I ig 40) 

Tho majority of intravenous stands consist of some form 
of tripod which stands on the floor and has a hool like upper 
extremity from which the container is slung by means of a 
metal ring and bucket handle This forms a very unstable 
piece of apparatus as the tripod may be knocked out of position 



1 io 43 In illustn t on to 
dorn) cro lust ma> col 
Iact in relat on to tho run 
of ft stoppered vessel 
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liy any one passing the foot of the bed while the container 
swings precariously in the air 

I havo found that a stable and practical d) 

form of intravenous stand consists of 

(а) A hollow steel rod slotted at its 
upper end 

(б) A iinnersal clamp by which the rod 
may he attached to a bed, side table, 
or dressing trolley 

(c) A frame for holding the container 
The frame consists of a hollow 
cylinder carrying two incomplete 
metal rings At the upper end of the 
cylinder is a transverse bar which 
fits into the slot on the top of the 
steel upright 




Note 

(i) The height of the container is varied 
by adjusting the position of the rod 
m relation to the universal clamp 
(u) A spring clip— similar to a trouser clip 
— may be used instead of the upper 
metal ring It has the advantage 
that it prc\ enta any rattling and 
it also allows for small variations 
in the size of the neck of individual 
containers In my experience it 
docs not stretch or lose its spring 
(»ii) The platform on which the rotary - , . 

4 , „ pital pattern) 

pump is mounted carries a small 
fitting which enables the transfusion unit to bo carried 
by the steel rod described above 


Tin 40 Intravenous 
stand The frame liol I 
ing the container fits 
over the slotted rectal 
l (St Georges Hon 


GLASS DROPPERS 

For transfusion by £ra\ it\ . (Tig 24 ) 

The Laurie type of glass dropper uilh Side arm is the most 
suitable (p 270) When tins pattern of dropper is used for 
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blood transfusions it needs to bo considerably larger than the 
standard size available which is suitable for saline infusions 
only This is because the continuous dripping of the blood 
produces a column of froth winch may interfere with the flow 
if the narrow type of dropper is used 
A small piece of rubber tubing cany mg a clip is attached to 
the hinall glass side arm If the fluid or froth in the bulb rises 
and threatens to obscure the point of the dropper the procedure 
is as follows First the controlling clip below the container is 
screwed up tight and then the side ann clip is removed and 
sufhcient air is allowed m to displace the fluid in the bulb to 
w itlwv half an inch of its lower extremity (p 270) 

The side ann is also useful for ov crcoming air lochs If by anj 
chance the clip comes off accidentally in the course of the trans 
fusion the blood will simply overflow through the sido arm 
There is no danger of air embolism 

For transfusion with the rotary pump (Fig 30 ) 

For transfusion with the rotary pump a smaller glass dropper 
than the abov o is more conv cnient and there is no need for the 
inclusion of a side arm Ihe point of the dropper should bo 
made of such a length that it is at least § inch away from the 
side of the bulb or bubbles of air may in bursting carry 
the blood from the dropper on to the side wall of the bulb 
down which it trickles so that the rate of flow cannot bo 
determined 


RUDDER TUBING 

Pressure Tubing and Non-pressure Tubing 
There are two main varieties of surgical rubber tubing which 
differ only in their consistence — (a) a comparatively thin walled 
type which is easily compressed between the fingers and (h) 
a stout thick walled tubing usually called pressure tubing which 
although compressible requires considerably more externa! pres 
sure to do this 

Pressure tubing 

For transfusion purposes the thick walled tubing is the best 
because it is less likely to become kinked or obstructed by the 
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patient overlving it The dimensions advised for use with the 
pump or for large volume transfusions are 
Internal diameter 5 S inches 
External diameter s ** inches 

Pressure tubing also has the advantage that it is much more 
durable and so can be used repeatedly provided Lewisohn and 
Rosenthal ( 1 D33 ) method of cleaning it is meticulously obserred 

Collapsible tubing 

Tho collapsible tubing can be of great value if it is used to 
join the glass window to the recipient needle (p 223) In this 
position particularly when using the rotary pump the tubing 
can be made to collapse b) creating a negati\ e pressure once 
the needle has penetrated the skin The tubing re expands 
immediately the needle enters the vein lumen Tins manamvre 
greatly simplifies difficult intravenous punctures and avoids 
haenntoma formation (p 223) 

Donor tubing 

The tubing used for the withdrawal of blood from a donor 
should have a relatively large bore but the tendency is to use it 
both too wide and too long The tubing seen in Fig 1 has an 
internal diameter of of an inch 

New or old tubing 

Tho question arises whether fresh tubing should be used for 
each transfusion This has been advised by some and blamed 
as a cause of transfusion reactions by others In my own 
experience it makes no difference whether now or old tubing is 
used pronded that it is prepared as outlined below Tor some 
time I used new tubing as a routine but more recently I have 
been doing an average of three transfusions with each length 
of tubing before destroying it. 

Tubing which has been used for collecting or giving til ole 
blow) and tubing used in large volume transfusions should 
never be used twico 

Cleaning of tubing before use 

If uew tubing is blown through a doud of French cl all w ill bo 
produced It is for this reason that tubing should always be 
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washed through and boiled before it is used for tho first ti 

Autoclaving may sterilize the powder but will not removi 

Procedure- — based on Rosenthal and Lew isohn 8 descrip 
(1933) New or u&ed tubing should be treated as follows 

1 After each transfusion separate all parts — tuhmg gl 
ware and filters — and syringe through u.i(h cold tap vxitci 
remote fresh blood 

2 Wash m a dilute solution of soft soap Tins remoi e.s bl 
stains from tho outride of the tubmg 

3 Rinse thoroughly in tap ureter to remoi e soap 

4 Place all parts tn a large pan containing sodium hydrov 
(0 1 per cent solution) and boil for fit e minutes Tins dis&o: 
old clot or debris remaining in the lumen 

5 Transfer to a bowl of (list tiled icater to reniov c the sod: 
hy droaide 

6 Wash again with doubl> distilled icater 

After this the parts aro ready to be assembled and Btcnh. 
either by boding or by baking in the autoclave 

Sterilization 

No rubber tubing autoclaves very satisfactorily It is rule 
izcd in the process and becomes hardened and angul ited 
possible then it should bo steribzed by boiling 

Storage # 

Rubber tubing is perishable so that unless it is. going to 
in almost daily demand a limited amount should bo obtmnc< 
a time Long lengths arc very com emently kept on a wooi 
roller perforated at either end to secure the extremities (1 
43) 

Colouring agents 

Surgical rubber tubing is made m different colours— i 
green, black, white and transparent The transparent tub 
has the ad\ nntage that ono can see u hen it is clean and it d 
awav with the need lor a glass inflection window The till 
cnees in colour aro explained by the use of different dy 
antimony sulphide for red tarbon for hlnck chalk and z 
oxide for tho w hite chromium oxide for the green 
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The red tubing is the most pliable and therefore the best for 
transfusion purposes Zinc oxide in the -white tubing makes it 
somewhat stiff to manipulate It is important that surgical 
rubber tubing should be sulphur free or it w ill not be resistant 
to boiling with alkali, such as soda 

BLOOD FILTERS 

Is filtration necessary ’ A large number of transfusions ate 
given "without filtering, apparently without barm When clots 
occur largo enough to he stopped by a filter, they hate formed 
because insufficient anti coagulant w as added In other words, 
clot formation can be prevented In practice a largo clot w ill 
be too big to pass into the tubing and a small clot w ill be held up 
in the narrow bore of the needle, so that embolism is veiy 
improbable 

The addition of a filter, how e\ er, is so simple that it is well 
worth including if only to avoid arrest of the flow during the 
course of a transfusion by obstructing clot 
When giving blood by the grav lty method it may be strained 
through a square of muslin, silk or cotton or nickel gauze, w hen 
blood is being introduced by other means, the filter must ho incor 
porated somewhere m the tubing Ih© most convenient typo is 
the Iiucr Lob combined filter and sinker which can be attached 
to the extremity of the tubing to be let down into tho bottle 
(Fig 35) Such filters serve a double purpose, as they prevent 
the tubing rising above the level of the blood as the bottle 
empties, and so filling with mr Homo made filters can be 
manufactured by using a bundle of capillary tubes which can 
bo made to adhere with a Bunsen flnmo or simply by tying a 
small piece of muslin round tho end of tho tulung 
Filters in the course of the tubing, usual!) in the form of 
glass wool, are unsatisfactory The) introduce two further 
joints into tho system, are readily broken, and difficult to clean 
satisfactorily 


NEEDLFS 

There is one essential about a needle and that is that it should 
bo «harp For continued success m mtrnv enous w ork it is abso- 
lutely necessary that the needle should bo resharpened after each 
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time it is used This can easily be done by the operator himself 

on a small stone the size of a microscope sbde 

There are two mam types of needles from which to select 

1 Parallel sided needles (Record) 

2 Tapering needles (Trench) 

Parallel sided Needles 

The parallel sided needles of the serum type arc to l»e pre 
ferrcd to tapering needles since they are the ones which are in 
general use and consequently easier to handle 


DONOR 



The most useful addition to such a needle is the standard 
Strauss shield Tins is a genuine help as it gives an excellent 
grip anti being a standard fitting is readily obtained An) 
particular needle which the oi orator fancies can ln\ c tins shield 
incorporated (Figs 2 and 3) 

The lumen of the needle should be greater tilth the donor 
needle than with the recipient Generali) speaking both are a ed 
in sues which art larger tl an is necessary Tor the donor needle 
sue 13 (Tig 2) and for the recipient needle sue 10 (Tig 78) 
(of the standard wire gauge (Fig 47) each 28 m m m length 
are satisfactory ) Smaller needles (sues 17 22) ghoul 1 lie u«cd 
for patients with small veins 

Rome confu* on ev sl« v. th regard to the \ arm » n iraG'rs at! U tl to 
needles to di0m.ntiato U eir s ze 77 rro oro two gu gt tl o c nrso 
stai dartl Birmingham n ire gau&o « zca l-°0 (F ig 4 7) w! eh ia nppl <xl to 
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tho larger or serum range of needles and the hypodermic needle gauge, 
sizes 1 -20 (3-1 1 are missing) The scales do not on erlap and are in no way 
connected though the largest in the hypodermic scale approaches in size 
the smallest m the scrum scale The hypodermic aeale is particular!} 
misleading, there being no definite increase each time from size to size, 
hi fact two sizes may \ary m length of shaft on!} and hate the same 
Imre The missing niunbers were mnnufactui id at one tune but dropped 
when it was found that there was no demand for them 

The end of the needle should not be too pointed or it will tear 
or perforate the posterior nail of the vein In other wards the 
bevel should be short though it should have veil cared for 
cutting edges It is of no consequence whether the bevel faces 
upwards or downwards as long as it is sharp 

Some needles are shaped so that the butt end is bent aw at from 
the shin when it is lying in the tern the object being to pretent 
pressure on the arm at this point Tins is more comfortable for 
the donor or patient, but the needle is not so easy to introduce, 
and is not ndtised 

Tapering needles 

Tapenng needles, the best known of which is French s are 
for the most part of unnecessarily large bore, and m my opinion 
their use should be discontinued With a needle of so large a 
bore it is necessary to nick the skin with a scalpel a practice 
which is open to abuse, and the needle itself is not easy to grip 
or to introduce Furthermore, certain donors complain that as 
the needle is pushed upwards into the a cm some pain is caused 
in spite of a local injection, due presumably to stretching of the 
unanacsthctized vein wall by the broader baso end of the needle 
Tor thc«e reasons this type of needle is not advised 

The ncedle-cannuln. 

It has been suggested that the sharp point of a needle, if left 
in a \em for any length of time, may, by' traumatizing the 
endothelium, initiate thrombosis To obviate tins, certain 
operators (Waring, 1338) prefer to use a needle cannula, the 
needlo portion being inside the catmula and ha\mg cutting 
edges w hich project bey ond the end of the cannula The needle 
portion is withdrawn as soon as the vein Ins been entered, 
leading tboblunt-ended cannula in the lumen It is question 
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able whether ting instrument really effects "hat it claims, and 

it is definitely not quite so simple to insert 

Sharpening. 

I am indebted to A Dickson \\ right of St Mary s Hospital, 
London, for the following description (1933) 

The needle is inserted obhquily tlirough n cork so that the hotel 
appears on tbo tovhmJuI surface of the cork Then a special needle hone 
of Arl ansas stone is drown lightly across tho bevel till the whole ring 
of tho betel glistens Then tho needlo is pushed farther tlirough tho 
cork and tho edges light lj etroktd with tho needle stono to remove any 
feathering of the edges which may b«. present Tinallj , tho needle is 
removed from the corl and drawn lightly ot cr the 1 nger to bo sure that 
there is no croche t hook at tl e tip of the needle and if this is j resent 
it is smoothed off with the ston< \\ith such treatment a perfi et point 
is assured and this makes injection infinitely easier 

If tbo usual needlo taken at random m the tlicatre or ward is 
inspected w itb a magnify ing glass and compared with atbarpened 
needle tlie advantage of honing tlic needle is made clear 
Storage 

Between transfusions the needles should bo kept mal per 
cent chloroform paraffin mature (3 grammes paraffin "a\ in 
100 c c chloroform ) 

CANNULAS 

Cannulas mil only be required when cutting down is necessary 
They may be made of metal or glass 
Glass cannulas arc to be preferred as 
it can be seen "lien they aro clean 
If tho cannula is to be left m the vein 
for any length of time or if tho patient 
js restless or unconscious some form 
of shaped variety should be used 
Shaping of the cannula is designed to 
prevent the cannula slipping out of 
the vein and to av otd pressure on tho skin A good pattern is 
Siggeras (1939) modification of the Kckwick (193") cannula 
Tins has a bulbous expansion near the extremity to prevent tho 
cannula slipping out of the vein and an angulation of the shaft 
to avoid pressure on the skin (I ig 48, and I ig G9, p 267) 

• Obtainable from A L Hawkins 15 New Cavendish fatnwt, XX 1 


^ 



I ifl 4S Cannulftg * 

Upper Saggers a modification 
of the Ivckw ick cannula 
Lower Kohwick cannula 
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Tbe metal vanetj has the advantage that it is unbreakable 
and ean bo drawn out into a very fine point winch makes it a 
convenient tjpc for using with infants As this cannula is not 
transparent debris maj be left m the lumen unless it is care 
full) cleaned For ver) joung infants tlie cannula portion 
of the Waring or Bateman type of needle cannula or the very 
small cannulas used for experimental worl on animals are use- 
ful — for example a cat cannula 

GLASS CONNEXIONS 

A gla^s connexion should always be included as an observa 
tion window close to the needle It serves two purposes 

(i) In starting a transfusion blood can be drawn back as far 
as the window to confirm that tho needle is m the vein 
(u) Any air bubbles which may enter through a leaking joint 
or elsewhere will be seen as the) pass this observ ation 
point 

Y-shaped glass connexion 

If the suppl) of blood is not immediately a\ ailablc or if it 
should run out it will be very useful to bo able to 1 eep the 
injection going with saline or glucose saline until blood is 
available B) means of a Y shaped connexion tins is made 
possible without discontinuing the injection 

A two wa) tap is sometimes used instead but thev are more 
expensive and less reliable as the tap joint is not always air 
tight — with the result that air raaj be surked in or blood leak 
out 


TO PROCURE VENOUS OBSTRUCTION 
For the donor the sphj gmomanometer is quite the best w ay of 
obtaimngv cnous obstruction's it produces anev en and constant 
distribution of pressure It should always be used 

For the recipient a jard of wide bandage (5 in ) is required 
It is put round tho arm as seen in Fig 49 the two ends being 
held b\ tho patient or an assistant and released when the vein 
has been entered It is more efficient than tho hand alone Jess 
painful than rubber tubing and less disturbing to an ill patient 
to place m position than a blood pressure bag 
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An excellent arnilel (DjcI son W right 1 93 t) is obtamablowhich 
combines an air pressure bag to compress the vein anteriorly and 
a length of Goodge splinting in w Inch 
the forearm 1 es By a btrap over the 
wrist the movements of the forearm 
are effectually limited which is jar 
ticularh helpful in a nerv ous or tie 
hrious patient 

TEMPERATURE CONTROL OF 
THE BLOOD 

A When withdraw ing the Blood 
It is definitely unnecessary to main 
tain the temperature of the 1 loot! 
while it is being collected as is some 
times attempted by holding tic ro 
ceivcr in a bowl of warm water or by 
r, ° toui? 7 et" 1 taking tbc blood into a thermos, flask 

It is now known that cooling the 
bit od for a limited period has not a harmful effect 
Blood which lias been allowed to cool should be 1 rought up 
to the required temperature gradually taking five minutes to 
raise r 00 c e from room temperature to 1 ody temper it urc If 
the blood has been taken from a refrigerator a corrcsj ondinglv 
longer time should le allowed 

B When Injecting the Blood 
In a continuous stream If the blood is entering the cir 
culation raj idly that is as a continuous stream it should do 
so as nearly as p >ssil le at body temperature Fortunately 
tl e«e rapid injections are becoming lets frequent since it 
is npjreciated that they are rarely justifed (p 141) and 
with their disappearance the need for accurate heat control 
dmiinisl es 

The temperature of the 1 lood should never be raised a! o\e 
104° fahrenheit If the container is j heed in a bow I of water 
maintained at this level the I lood taken from it will m dcr 
average conditions enter the patient at body temperature the 
exact fall in temperature as it j oases down the tubing depend 
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mg upon the length and thickness of the tubing the rate of flow , 
and the external temperature 

If the blood bottle is placed in a reasonably largo bowl of tap 
water at 104° Fahrenheit at the beginning of the transfusion, 
it will be safe — from the point of view of temperature— to give 
COO c c of blood m twenty five minutes w lthout adding to the 
water 

If a smaller bowl is used it w ill be necessary to add hot w ater 
to it from tune to time, and to prevent overflowing some water 
will have to l>e removed For tins reason it is much simpler to 
stand the blood in as large a bowl os is practicable 

The temperature is more accurately maintained by a simple 
immersion heater or thermostat placed in the bowl or tank sur 
rounding the blood but for most purposes tins is unnecessary 

Drop by drop 

I have expressed the opinion elsewhere (p 143) that I believ e 
that the majority of transfusions however Small the volume of 
blood to be transfused, should be giv cn at a drip rate Not only 
is this a safer method of introducing blood but it has an addi 
tional advantage, for if the blood is being introduced drop by 
drop, there is no need to w arm it This is the clinical ohset vation 
of all those who have had experience of dnp transfusions 
whether they bo of small or large volume Flow ing at this slow 
rato the blood, by the time it reaches the end of the tubing is 
at room temperature whatever temperature it m vy have been 
when it left the container Methods of heating therefore such 
as h ingmg hot water bottles round the container or enclosing it 
m a special water bath are quite unnecessary 

Ihe temperature of the fluid ns it passes through the last few 
inches of the tubing should, however, bo raised if possible, and 
this is best done by bandaging the last six inches of tubing to 
tbo patient’s skin (Fig CO) By this means the body beat may 
be utilized to raise the fluid within to bodv temperature just 
before it enters the vein I his can be aided further by placing 
a hot water bottle or clcctnc pad close to the limb above the 
point of entrv of the blood 

More important, however, than any of these attempts to 
raise the temperature of the transfused blood, ‘is to make 
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certain that the patient w himself warm and not unnecessarily 
exposed during the injection’ (Bailey 1034) 

Oierheatmg the blood. 

A fatal result of a blood transfusion apparent!* due to over 
heating the blood is reported 
by Professor S L Baker 
(1037) 

T1 o blood was ktpl p landing 
m a riceptocJe eurronn led bj a 
water jacket tho temperature of 
winch wiw about J30° T Tho 
patient developed nil the t\j ic«! 
features associated with n npvero 
mtrav oscular haemolysis and 
died in tho renal phase n fort 
night after the tnrnsf «ion 

As emphasized above 
blood should never bo heated 
to a temperature higher than 
104° Fahrenheit and this will 
only be necessary if it is to lie 
injected at a relatively rapid 
rate 

THE DRIP REGULATOR 
Marriott and KcUw ick m a 
personal communication gno 
L the following description of 

Fra '0 Thodnpres.I.Mr ( , Urnot *kcir dnp regulator (drip 
and Koktvick) clip ’) 1 

The drip regulator was m 
vented because of the fluctuation in rate which is produced In 
the use of a screw dip on rubber This fluctuation is due to 
the v cry small size of the orifico in the rubber tubing at the site 
of constriction The new regulator substitutes a longer reus 
tance of small bore The regulator consists of four glass t T tidies 

1 The dnp regulator can be abta nod from John Roll am! Cro> lea U Igmnre 
Street Lon Ion 
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joined together by branched rubber tubing, the whole being 
stabilized by fixing to a metal plate (Fig 50) 

Transfusion with the drip regulator (Fig 51) 

The blood reservoir is first suspended in the ordinary way at 
least three feet abo\e the selected vein 
The drip regulator is introduced into the length of tubmg 
below the glass dropper 



The tuhing and drip regulator are filled with saline — the 
saline being manoeuvred through the U tubes ui turn by closing 
tho various clips 

The rate of /low. 

When all the screw clips aro open an uninterrupted swift flow 
of blood pisses into the vein The closure of any one clip so that 
it completely occludes tho tubing forces the blood to go round 
the glass TJ tube This gives a rate of approximately 40 drops 
per minute when the container is Fixed three feet above the 
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;cm The closure of two clips put3 two U tubes into the cir 
dilation md gives a drip rate of 20 Tho closure of all four clips 
gives a rate of 10 After a time this rate slows up to about 7 
owing to the sedimentation of corpuscles m the rubber tubing 
nbov c E\cn slower rates can be obtained I>j lowering the 
height of the container There is some difference between 
individual clips but these can be easily o\ ercome bj altering 
tho height of the container 

Should anj one of the U tubes become blocked or the drip 
slowed, the nurse can bo instructed to open all the clips so that 
tho whole weight of tho column of blood comes on to the vein 
and when it has started to flow easily to use another U tube 

The end of the transfusion 

As soon os tho transfusion has finished the regulator is dis 
connected from the tubing A 20-c cm syringe is attached to 
one end after it has been filled with water ^11 tho screw clips 
are left open Tho water is forced through the b\ pass tubing 
several times until no more blood issues from the other end 
Now one screw clip is fastened down and more water !•» forced 
through so that the corresponding U tube is cleared of blood 
The bj pass is then recloaned This is repeated with each 
U tube which has 1 een in use until the apparatus is compiclel) 
denied of blood This latter point is important It is much 
cisicr to clean the apparatus lnimedintelv the transfusion lias 
finished than after it has been left for an hour AH tho strew 
clips are non left open so that the apparatus is then read} to 
be restcrilized 


SUMMARY 

1 Centralization of the transfusion equipment sterilized and 
assembled read} for use will «nnpbl\ transfusion In an} 
method 

2 The pint si70 11 indicator screw rapped I ottlc is suggested 
ns a container for tho blood The advantages are that it 
is a standard product with a uniform capacitj it » made 
of good qualit} resistance glass and it is the ij 

3 A glass dropper is described which enables one to regulate 
the fluid lev el 
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4 Attention is dr •urn to the difference between ordinary 
rubber tubing and pressure tubing 

5 The method of cleaning and sterilizing rubber tubing is 
described 

6 Tlie Use of a filter is advised A combined plunger filter is 
described 

7 The importance of resharpening needles after each trans 
fusion is emphasized Hie actual type of needle is of 
secondary consideration 

8 A shaped glass cannula designed to remain securely in the 
vein m cases of prolonged transfusion is described 

0 The \ alue of a glass connexion as an observation w indovv 
is pointed out 

10 Methods of obtaining venous obstruction are described 
The use of rubber tubing for the purpose is condemned 

1 1 Tho temperature control of the blood is discussed The 
need for careful control is greater when the blood is being 
injected as a continuous stream, less w hen onlj at drip rate 
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CHAPTER XVII 

TRANSFUSIONS Or LARGE VOLUME 

A transfusion of large v olume may be defined as one m « Inch 
the blood of more thin one donor is used For practical pur 
poses this means any continuous transfusion of more than 
600 c c 

INDICATIONS 

It is difficult to lay down absolute indications for large 
volume drip transfusions, but so far as ono can sco at present 
they are clearly indicated in the following circumstances 

As a pro -operative .measure 

I When operation is necessary in a patient whose blood must 
be raised to a safe operative level rapidly This may occur in 

(а) Patients who are adndy bleeding and require operation 
to arrest the haemorrhage Examples include bleeding 
peptic ulcer— bleeding utenne fibroids The object of the 
transfusion in these cases is to maintain tho blood volunio 
m the face of continuous blood loss until such tune ns the 
bleeding stops spontaneously, or can be stopped by 
operation 

(б) Patients who are severely anaemic and m whom an 
emergeuev surgical condition arises, forevnmple, appcndi 
eitis occurring in pernicious anaemia or any other severely 
anaemic state 

II When operation is necessary in a patient whoso blood 
cannot be raised to a safe operative level by me ms other than 
blood transfusion that is to eny , in patients who do not respond 
to iron or liver therapy , for example 

( а ) Before splenectomy for certain conditions associated « jth 
anaemia namely, splenic anaemia, thrombocytopenic 
purpura Gaucher s splenomegaly 

(б) In patients who are bleeding rclutivclv slowly but too 
rapidlv for iron therapy to Keep up with the haemorrhage, 
for example before radical operations for malignant con 
ditions associated with anaemia, as in carcinoma of tho 
stomach or colon 



tio 5' 1 Tra Mus on during opemt on Tl e rate s inoit co enentlvrcg 
lntp 1 by tl o anoost) etiflt He a m n pii t on In ol ser o tl o bloo 1 1 jsh on l 
gtn<* al co cl t on of tl a put cnt and con tary t! o cato accord glj Ti a 
nrro v jxj nts to the dr p adjustment 

abdomino perineal resection of the rectum and certain gas 
troctomiea Tho object hero is to restore tho 1 loot! loss and so 
counteract shock 

To take the place of multiple transfusions 
In aplasia and hvpoplisia of the bone marrow treatment by 
multiple transfusions is verj tedious for the patient A single 
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large volume transfusion at the outset will greatly reduce the 

number of attendances necessary 

MANAGEMENT OF DONORS 

I The responsibility of providing donors must be firm!) 
placed upon the relatives and friends of the patient and it 
should be pointed out that the transfusion cannot be under 
taken unless the donors are forthcoming from tins source fhe 
repeated us© of service donors for large volume transfusions 
would ven soon disorganize a transfusion service 

II Instructions to donors All the prospective donors 
should 1 e told to come to the hospital al 0 r same time and to 
meet in a prearranged place A whole da) s w orb can be ujxet 
if the different volunteers arrive at odd times for examination 

III The direct compatibility test If a number of people 
attend the quickest way of selecting possible donors will be by 
cross matching the various donors cells with the recipients 
serum Those who are incompatible can be sent away The 
remainder may be of the s vme blood group as the patient or 
they may be members of group O 

IV Blood grouping Ihe compatible donors should now 
be grouped It is necessary that the donors finally selected 
should nil be of the same group as one another for if they are 
not and their bloods arc mixed m the reservoir agglutination 
will occur for example if the patient is group A it is not 
permissible to mix group A blood and group Q blood in equal 
jroportions m the reservoir although both mi) bo conijitlblc 
with the patient 

V Donors of the same blood group as the patient arc to ho 
preferred if available In practice tl is will usual!) bo possible 
if the patient is a member of either of the commoner groups i e 
AorO If the patient is a group AB or Bit is hhelv to bodifTcult 
to find several members of the required group in which case 
if the l xtient is seriousl) ill it will be justifiable to transfuse 
with the blood of a senes of donors of group 0 

V’f Test for syphtffs Syj bills should he excluded in ad 
the donors unless there is some v cr) good reason for neglecting 
tins precaution The test used — Kline 1\ nssermann It — 
will depend upon the tune available (sec p 00) 
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It is sometimes practicable to collect the blood for transfusion 
and for the Wassermann reaction at the same time When this 
is the caso it is convenient to pierce the collection tubing close 
to the donor with a hypodermic needle, and to withdraw the 
necessary amount of blood into a syringe 

APPARATUS 

It is important at the outset to emphasize that a large volume 
transfusion does not involve the use of any specialized apparatus 
It is convenient, but not essential to make certain small 
additions to stir the blood and so prevent sedimentation but 
they in no way alter the principle, which is that of the simple 
gravitation method already described Large volume tram 
fusion involves the application of a new principle in dosage and 
not a new technique for administration 
Apparatus required (Fig 53) (based on Marriott and 
Kekwick’e original description) 

1 An oxygen cylinder fitted with a pressure regulator and 
fine adjustment tap 

2 Tivc feet of any type of rubber tubing interspersed w ith 
three filters, which connects the cylinder to 

3 A rubber bung having two pciforations 

■i A length of glass tubing with an mv erted thistle funnel at 
its lower end is passed through one perforation, and to its 
upper end is attached 

5 The length of rubber tubing — (2 above) — passing to the 
oxygen cylinder 

0 An L-shnped glass connexion passes through the second 
perforation and serves as an outlet for the oxygen A 
cotton wool filter is attached to its outer extremity 

These pieces of apparatus (1—6) are required for aseptic 
stirring of the blood 1/ they are not available (hey may be 
dispensed unth and occasional manual agitation substituted 

The bung is fitted into the mouth of a 

7 Glass resen oir of 2 pint capacity 1 

8 A circular nickel gauze filter is placed at the bottom of the 

1 The two pint (1 000 cc ) container a not so bulky a* the mote commonly 
used four pint size, and fa for tills reason m my opinion more practical 




I io *13 To bIjow the adaptabil tj of tho simple praMtv drip *j paratu* f r 
largo % olomo tranafus on 

ISUck — \pparatus common to both met l <xU 

Hoil— \ IdiCionnt apparatus iwj ure ! for lanje vol ime Irnnsf is on* 

revert oir, u Inch serves to strum off nm clots that mnj form 
The filter is rnado of pure nickel wire gauge 28, with 20 
meshes to the inch 
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The reservoir is suspended by means of 
9 The adjustable rod and frame illustrated in fig 46 or by 
some similar apparatus To the pointed lower end of the 
reservoir is attached 

10 Tour inches of soft rubber tubing (not pressure tubing), 
fitted with some form of adjustable screw clip The lower 
end of this is in turn connected to 

11 A large glass dnp bulb carrying a side arm to winch is 
attached two inches of soft rubber tubing and a bull 
dog clip 

Tho distal end of the glass dropper is joined by 

12 Seven feet of pressure tubing to a 

13 Glass cannula 

The mam difficulty met with in the management of a largo 
volume transfusion is the maintenance of a constant dnp rate 
Marriott and Kckwick say that they have overcome this 
objection bv the use of a new pattern of speed regulator (p 2 'll) 
My own more limited experiences with this drip regulator con 
firm their claims 

Sterilization 

All the items of apparatus except No 1 mentioned above 
require sterilizing and may conveniently be autoclaved together 
in a dressing tin, along with a gown ligatures and the mstru 
menls required m cutting dow n If tho tubing is to be used on 
another occasion, it should be sterilized by boiling rather than 
autoclaving (see p 242) 

TECHNIQUE OF LARGE VOLUME TRANSFUSION 
A large volume transfusion is conveniently carried out in 
two stages 

Stag* 1 
Selection of a vein 
Erection of intravenous stand 
Assembly of apparatus 

Selection of the vein The transfusion starts by examining 
tho patient for a suitable vein 
Upper Limb The veins of the elbow region forearm, and 
back of the hand are examined 
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Forearm vein A forearm vein midwaj between the wist 
and elbow and on tho radial side is the one of choice This level 
is chosen as a cannula inserted hero will not interfere with tho 
movements of the wrist and elbow, which is moro agreeable 
for the { atient He thus lias free use of ins arm and nursing is 
great!) simplified — a matter of importance m a ven ill patient 
— and at the same time the movement of the adjacent muscles 
promotes a better return of venous blood 
Flbou tan On occasion it is more convenient to u e 0110 of 



the nntecubitnl veins m spite of what has been said al ove m 
emergenc) transfusions infatsuhjccts and when it is anticipated 
that the transfusion wall continue for moro than 24 hours Tho 
forearm veins arc gcnerallv smnll and tend therefore to throm 
boMJ earlier than those of the nntocubital fossa Tor this reason 
if a long truisfusion is contemplated interruption of the trail* 
fusion to change tho vein nui) 1 c avoided bv choosing a huge 
vein and a large cannula at the outset Tho veins of the elbow 
are however avoided in circumstances other tl nn those first 
mentioned since insertion of a cannula at tins level involves 
splinting of the limb to prevent flexion 

Back oj the land If tho forearm veins ore not well marked 
tho dorsal metacarpal v ems should bo examined There is often 
a well dcveloj eil vein running across the anatomical snuff box 
and munllv one or moro on the back of the hand just proximal 
to the heads of the mctaearpnls 

Lovvcrlimb Iho internal «yjAcwoM»*ein at theanhle In an 
individual in whom the forearm and hand veins aro invisible 
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and in whom it may be desired to reserve the elbow veins for 
emergency transfusion or other intravenous therapy it is con 
lenient to use tho internal saphenous vein at the ankle This 
vein has the great advantage that its anatomical situation is 
absolutely constant and can therefore be relied upon when no 
other suitable vein can be found It also has the additional 
advantage of leaving tho arms completely free 

Thero are however two drawbacks in using this vein They 
are 

1 In eases of shock or collapse the internal saphenous is not 
a satisfactory vcm to use as the site of infusion is at the farthest 
| oint passible from the heart It has in fact been suggested that 
blood or other fluids injected at this level into a collapsed patient 
are lost in the peripheral venous circulation of the lower limb 
and pelvis In this way the fluid on!} reaches the heart after 
long delay 

2 Thrombosis m these vems when used for large volume 
transfusion is earlier than when a v cm of the upper limb is used 
This is probably due to the tendency to varicose change in these 
vems winch is common to most individuals 

Intrav enous Stand (see p 239) As this is a grav it> method 
some form of stand must be erected either at the top or bottom 
of the bed according to the vein selected This should be of 
such a height as to enable the reservoir to l e susj ended at least 
•1 feet above the level of the vein The greater the height of the 
reserioir the longer will be the column of blood and the more 
constant the flow 

The operator now scrubs up and puts on a sterile gown 

Assembly of apparatus The apparatus as seen in tho 
diagram fig 53 is assembled in the order described on p 267 
The reservoir is handed to an assistant who secures it in posi 
tion ami then adds warm saline to a depth of 2 inches The 
bung is then fitted Tho tubing is heid up by tho eannuh at 
its extremity so as to form a IT bend Saline 13 allowed to 
flow through until no more bubbles can be seen In this way 
nil mr is expelled Tho screw clip is adjusted so that a fast 
drip is running It should be stopped while running by attach 
mg a bulldog' clip or artery forceps to the tubing about one 
foot away from the cannula 
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Stage 2 

\enlpuncture or Venesection 
Vcmpuncturo lias two considerable advantages over veno 
section It is a much quicker technical procedure and it leaves 
the vein relatively undamaged a point of some importance if 
multiple transfusions are envisaged 
It is indicated as the method of choice m those large volume 
transfusions which are not expected to take more than 8 hours 
that is to say m transfusions of 1 000 c c and less 
A needle is however not quite so secure os a tied in 
cannula and venipuncture is therefore not advisable if the 
transfusion is being given at a distance from the operators 
direct control if the transfusion is to bo continued for a longer 
time as for instance m a bleeding patient or if the patient is 
restless or going to be moved during the transfusion 

The 8 hour limit for the indwelling needle Las been arm ed 
at from a consideration of the following points 

Venipuncture usually involves the uso of the antecubital 
veins To ensure that the needle is not displaced during the 
transfusion it will generallj be necessary to limit the movements 
of the limb by splinting with the forearm extended This 
position becomes very irksome after 8 hours If however 
there is a forearm vein of sufficient prominence for the vem 
puncture tins should certainly be used and then the mov ementa 
of the elbow wall not require restricting Even so an indwelling 
needle begins to work loose after 8 hours As a result the 
needle may slip out and thero is a tendency to leal age around 
the vein It must however be remembered that the majority 
of transfusions do not continue for longer than 8 hours 

Venesection 

Venesection will be nccessan only in those cases in which 
venipuncture is not possible oris contra indicated because the 
patient is restless or the transfusion is designed to be one of long 
duration 

Indications for venesection and tying in a cannula 

1 Impalpable or mv isiblo veins (usually fat subjects) 

2 Collapsed v ems 
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3 If the patient is restless 

4 If the patient is to he moved during the transfusion 

5 In cases of prolonged transfusion, e g more than 8 hours 

G If the transfusion is being set up and left to drip without 

trained supervision for example, at a distance from the opera 
tor’s range of control 

Technique of tying in a cannula 

No excuse need be made for including a description of this 
simple procedure, since it is frequently performed indifferently, 
and nothing is less desirable in a \ ery sick patient than pro 
longed fiddling over an operation which should be completed 
in a few minutes 

The operation area. 

If there is time it is an important advantage to give the 
selected area a thorough skin preparation with ether soap 
followed by Bpmt By doing this it will bo found that the 
incidence of wound sepsis will be considerably diminished In 
the case of the foot a thorough toilet from the toes to the knee 
should ho made 

The line of (he tein is made to stand out clearly before infil 
trating with local anaesthesia, and marked with a blue skin 
pencil It quite often happens that after infiltration the vein 
collapses and its exact course is forgotten It is generally 
undesirable to maintain the use of a blood pressure .apparatus 
for this purposo throughout the operation as it becomes uncom 
fortablo for the patient 

The operation area should now be isolated with sterile towels 

A local anaesthetic is given mtradermallj at first, and then 
subcutaneously 

2he tnctsum should ho transverse unless the line of the 
vem w as clearly visible before starting, in w inch case a parallel 
incision will give a better exposure When the exact position 
of the \cin is uncertain a transverse incision gives a much 
better chance of locating one, and has the advantage that it 
can bo enlarged half way round the Umb if necessary A small 
incision is practical only if the lino of the \ ein is prominent, 
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if the case is not one of urgency, aiifl if the operator has had 
considerable experience of pre\ ious \ enesection 
Forearm and hand Tiic three most reliable veins are the 
dorso metacarpal vein, anatomical snufT box \em, and radial 
\em m the forearm 

The exact technical details to be followed for the insertion 
of a cannula into a \ em are illustrated below 

Procedure 



(i) \ liberal transient incision is made mid the a cm exposed 
1>3 means of two non toothed dissecting forceps and cleared 
of tinder^ mg fascia 




(u) A small aneurysm needle is passed under the \ ein and 
threaded w ith a loop of plain catgut 



(m) The loop of catgut is drawn under the vem and divided 
with scissors Tins leav es two strands of catgut behind the vein 
This manoeuvre avoids passing the aneurysm needle twice. 
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(l\ ) Proximal ilrand Tlus is loosely tied in a single hitch and 
the two ends secured in artery forceps 
I)\A.tal slrand The vein is ligatured at Us most distal point 
and tho ends of the tied catgut ore secured in artery forceps 
This arrests the flow of blood from below 

The two catgut slings are now made taut and tho \em w 
lifted out of the wound The lower catgut sling can lie con 
leniently held by the operator himself, and tho upper filing 
— if no assistant is available — can be made taut b y attaching 
the forceps to the tow el \\ ith a sharp and small scalpel not 
scissors a transverse nick is made m the anterior wall of tho 
vein close to the low cr catgut sling A scalpel is easier to mam 
pulato than scissors AMien opening a small vein there is a 
danger of dividing it completely across if sensors are used 
Unless the opening in the vein J3 made near its distal end, 
the upper edge of the shin wound, by overlying the opening 
into the vein makes the manoeuvring of the cannula into the 
lumen more difficult 

To confirm that the lumen of the vein has been entered 
loosen the upper catgut sling and reflux of blood will occur 



TRANSFUSIONS OF LARGE VOLUMES 


267 





Fiq 50 


(v) To insert the cannula, the edge of the opening into the vein 
13 picked up with fine dissecting forceps, and the cannula, held 
m the other hand, is introduced into the vein 
The single hitch on the upper sling is now tightened behind 
the bulbous extremity of the cannula the knot is completed 
and tho ends left long (arrow ) to facilitate remeu al of the can 
nula at the end of the transfusion (Fig 59) 

The long ends of the distal ligature are tied round the shaft 
of the cannula further to secure it in position 
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The fluid m the tubing should now be allowed to flow through 
the cannuh to make sure there is no obstruction 
The skin edges are approximated w ith fine ^Ukw orm gut, and 
one stitch incompletely tied is inserted over the line of the 
cannula to close the wound when it is withdrawn 
It is usually ad\ isable to place a small gauze swab behind the 
junction of cannula and tubing to raise the hilt of the cannula 
so that its point lies comfortably in the \ ein and not directed up 
against the anterior wall 

The rubber tubing close to the cannula is strapped to the skin 
with two pieces of adhesive tape This maintains the position 
of the cannula and will allow any unexpected tug upon the 
tubing to be transmitted to the skin rather than to the cannula 
The cannula and adjacent rubber tubing are covered with 
gauze and a thin lay er of w ool and then bandaged in position 
care being taken not to bandage tightly above the level of 
entrance of the cannula so that the entering blood w ill not be 
obstructed 

A loop of the tubing should be included in the bandage for 
two reasons (i) to provide slack in ease of an\ sudden strain 
(n) to raise the temperature of the incoming blood from room 
to body temperature hr its contact with the skm over the last 
18 inches 

The insertion of the cannula is not infrequently made while 
the patient is unconscious either in the theatre or w hile the 
patient is coining round after an operation In those cases it is 
advisable to prev ent movements of the limb by splinting for 
the first few hours 


MANAGEMENT Or THE TRANSFUSION 
Maintaining a constant drip rate 
Blood introduced at a rate of 40 drops a minute will usually 
ran for several hours without requiring any readjustment of the 
screw clip provided the reservoir is at least 3 feet above the 
level of the vein (Note above the t ein, not the bed or the floor ) 
A nurse should constantly inspect the drip feed and it is my 
own practice to leave instructions that the blood should be made 
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to run in a continuous stream for a moment or two once nery 
hour This seems to clear the cannula of am commencing clot 
formation A small amount of normal saline should bo added 
to the container before each addition of blood with the pur 
jiose of flushing the tubing 

if tite drip rate times earl) in the course of the transfusion 
the screw cltp should be readjusted, and the effect obsened 
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displace the tiny dot present bj compressing the tubing tw o or 
three times between the finger and thumb close to the patient s 
arm If this fails 5 cc of sterile normal sahne should be 
injected sharplj through the tubing close to the cannula after 
obstructing the tubing above the site of injection with an 
artery forceps 

Displacement of the cannula 
Displacement of the cannula rarely occurs if the pattern 
recommended is used and secured as suggested and if in addi 
tion the limb is immobilized if the patient is unconscious or 
restless 

Creeping up of blood in the drip bulb 
After several hours the level of blood in the dnp bulb tends 
to nse and if this is allowed to continue the end of the dropper 
w ill become covered w ith froth The side arm of the drip bulb is 
there to deal with this The mam regulator screw clip should be 
closed and the side arm clip opened for a moment or two till 
the blood level has fallen under atmospheric pressure to the 
bottom of the drip bulb There is no risk of air embolism in this 
manoeuvre or even if the side arm clip comes off unnoticed in the 
course of the transfusion (Fig 61) 

Phlebitis 

Some degree of phlebitis usually appears m 12 to 24 1 ours 
Its onset is earlier m the lower limbs than « hen a forearm vein 
is used possibly due to the greater tendency to pathological 
change of « varicose nature in the saphenous 83 stem 
The patient complains of pain which is accentuated by in 
creasing the drip rate and there is redness and tenderness ov er 
the v ein w hich slow ly spreads up the arm or leg The tempera 
lure rises and there mav be severe constitutional disturbance if 
the cannula is not changed I have had experience of one large 
volume transfusion with oxtensiv e phlebitis in which the ensu 
ing general reaction associated with hj’perpyrexia w as directly 
responsible for the patient s death 
\\ ith the first appearance of phlebitis the cannula should be 
changed to a v ein in another limb 
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CHAPTER i-VTII 


TRANSFUSION IN INFANTS 

Somf of the most dramatic results in medicine are to lie seen 
following the transfusion of blood to Bniall infants In the past 
the tendency has been to withhold transfusion m many m 
stances m winch we now know that the intrav enous introduction 
of blood will produco a cure— even though we do not know 
exactly liow the blood brings about its good effect 

The conditions for which transfusion is particularly \aluable 
are the haemorrhagic diatheses winch include the haemorrhagic 
diseases of the new bom and the haemoly tic anaemias of the 
new born and early childhood Transfusion maj also be required 
in tlio acute intestinal disturbances of infancy at certain cir 
cumstances The technical and other details discussed m this 
chapter refer to infants and not to older children 

THE BLOOD- PICTURE AT BIRTH 

As the blood picture at birth differs \cry considerably from 
that occurring in the adult, and as a knowledge of it is necessary 
for the accurate determination of dosage in the •various diseases 
affecting the blood at this early age, the normal variations will 
be enumerated 

THE NORMAL INFANT AT BIRTH 
The red corpuscles 

! Tim average number of ml cells is 7 000 000 per c.mm the normal 
range w from fl 000 000 to 7 250,000 By the twelfth day tin. count has 
r( ached normal adult levels 

2 Nucleated rid cell* mast ly in tho form of normoblasts, form a 
tlefimU proportion of these cdls mid nm present in the proportion of 500 
to I 000 p<r million red corpuscles Th« mimb< r of circulating normo 
blasts is reduced b) half by tlie end of the first week 

3 Ilrticulocytea form 10-20 jx r ct nt of tho red corpuscles at birth 
but am reduced to with m normal hmils — 1 jm r cent — by the end of tho 
first week 

■I The sire of tho corpuscles th< nverngo diameter is high — 8 4 ft 
After birth, th s celts gradually become smaller, but do not reduce to tho 
adult diaim ter of 7 2 p until tin. end of the first j ear 
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The haemoglobin 

The haemoglobin av e rages 145 per cent (Haldane) or 20 grammes per 
cent at birth During the first throe months of life there 13 a sharp fall 
from the high birth i alue to 75 per cent This figure risfn again to DO per 
cent by the end of the first year 

The leucocytes 

At birth there is a high leucocyte count approximately 1 8 000 wluto 
cells per c mm and these are predominantly polymorpl onuclear 

During tile first two days of life the count f ills to about 14 000 but 
rises again to reach 17,000 per cm liy tho twelfth day , the predominant 
cell now being tho lyroj hocyte 

During the next twelve years the leucocyte count gradually fulls to 
reach the adult lot el of 8 000 per c mm 

It is useful to remember that at the ago of 4 years there are npproxi 
mntely 4 000 per c mm of both polymorphs and lymphocytes and that 
tho percentage of each w about 40 (Whitby and Britton 1037 ) 

The platelets 

Tho blood platelet* arc present at birth in tho Mime proportion as m 
the adult that is 400 000 pu-c mm 

The fragility of the red cells 

This is normal 
Coagulation time 

The coagulation time is tho time taken for shed blood to clot 

This is prolonged in infants at birth It is maximal on the second day 
and normal m ten days 

Tho normal coagulation time os estimated by the capillary tiibcmi thod 
oH\ ngl t is particularly influenced by temperature T1 c readings dilT r 
widely depending on whctlier the test lias been made at room (22 4 C ) 
or body (37° C ) temperature An individual having a normal conguLi 
tion time should always bo used as a control 

Normal times for an infant art) 


Ttmp i 

Normal a lull j 

A ormal infant 
(luring frit wrrl) 

e C 

Min* 

Mills 

22 

10-15 

12-21 

37 

5-10 

0-12 


Bleeding time 

T1 o bleeding time is the time taken for a sujierflml ncodio wound to 
stop bleeding 1 his is normal and is 2-6 minutes 
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The blood group. 

An infant at birth has a fixed blood group This group 
remains unchanged in all circumstances throughout life 

The isoagglutinins. 

The isoagglutinins aro fully developed at birth in a certain 
proportion of babies It is because of this possibility that a new- 
born infant must be given blood of a corresponding group, and 
for the same reason the direct test cannot be omitted (Kirwan 
Taj lor, 1030) 

Transitory agglutinins of the same type as the mother have 
been shown to be present at birth, which disappear within a few 
weeks but, as pointed out above, fully developed lsoigglutmins 
differing from the maternal agglutinins may also be present at 
birth so that it is essential to use the same tests for infants as 
for adults 

The isoagglutinogens 

The agglutinogen factor is fully developed in the blood cor 
puscles at birth It is for this reason that the blood group of the 
new bom babe can always be determined 

THE PRINCIPLES OF DOSAGE 

Tho principles upon which the dosage is determined arc the 
same for infants as for adults In other words, in anaemic 
states the dosago is based upon the haemoglobin deficit, and in 
non anaemic states upon tho amount of the particular deficiency 
of tho blood which the transfusion is to supply 

The Calculation of the Dosage 
In anaemic states 

In estimating the dosage in infants and children the principles 
already' laid down when discussing transfusions in adults 
will still apply Tho only difference lies m their smaller 
sire and proportionately smaller blood volume In a child this 
may Iks regarded as being equivalent to one eleventh of its 
body weight Tho administration of one tenth of the calculated 
blood volume in non bleeding cases produces a rise of 10 per 
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In non anaemic states 

Jn the absence of anaemia the dosage is most satisfaclorilv 
calculated from the both weight Infants under 12 months nift> 
feafety be given 10 1 c per pound of bod} weight or 20 c c per 
1 ilogrnm 111113 a new bom babe of 7 lb tan safety receive 
70 c t of blood intravenous!} 

THE RATE OT INTRODUCTION 
(«) Continuous drip transfusion 

In relative!) largo volume trams fusions for anncmii in dul 
tlrcn the haemoglobin ns in adults should ideal!} bt ru ed b> 
10 per cent four liourty In small babies this inaj mean a ver} 
slow mtc In the example just eitcd the rate of introduction 
must have been 50 c c in four hours or 12 r > ec an hour or 
four drops a minute 

(b) Short transfusions 

In small volume transfusions the rate of infusion should not 
exceed 10 c c m five minutes finis a transfusion of 1W) c c 
bhonld taho not le«.s than lift} minutes 

Citrate or whole blood 

Citmted blood should lie used 7 lie doso of citrate as in 
a lults is 0 7 gramme to 100 c < of 1 lood 

The use of whole l lood in babies is particular!} dangerous ns 
the rate of introduction must nccessanty be much too fast 
m order to avoid clotting I urthennoro there is no evi lence 
that the result* ol tamed differ in an} wnj from tho^c obtained 
when using citrate even in the haemorrhagic diatheses 
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INDICATIONS 
MELAENA NEONATORUM 
and the other manifestations of the Haemorrhagic 
Diathesis of the new-born baby 

In this account of the haemorrhagic diathesis of the new bom 
which summarizes Capon’s valuable contributions to the sub 
jeet, I wish to lay stress upon the prime importance of early blood 
tranf union 

Out of tlin 01 cases reported by Capon ( 1 937 ) the diathesis declared 
itself m Ci case* as a ini locrtn and m rnthi r less tlmn half of these cast s 
(21) there was aasoemUd Imematemcsw Ran ly there may he bleeding 
from otliir mucous membranes, for instance those of the mouth now 
vnginn nml urethra Haemorrhage sometimes occurs from the stump of 
tlu umbilical cord 

Hu* frequency in this writs wo?, in 1 in 405 live births, anil females 
wire affected slightly more commonly than males Th< average ago of 
onset was 4 1 J hours after birth 

In a number of cases ulcers or erosions have lieen demonstrated post 
mortem m the stomach and duodi num but it is not jet known whether 
these are usually primary or m-condary to a submucous haemorrliage 

Clinical features. 

The onset which is usually about 30-48 hours after birth, 
may bo sudden and dramatic as in the case of haemorrliage 
from a peptic ulcer in adult life These small babies withstand 
haemorrhage v cry badly 

Differential diagnosis 

In the differential diagnosis entero colitis will have to be con 
aidcrcd, but in this condition there arc no general symptoms 
In cases oF swallowed maternal blood there will be diarrhoea and 
mucus Haemophilia will be excluded by familial and sex con 
fuderations, nnd there will lie a history of a difficult labour m a 
cave of htrth injury 


TREATMENT 
General management. 

The heart rate should be recorded hourly All blood lost must 
lie carefully preserved, a loss of more than 2 ounces being a 
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severe laemorrhage in a new born babe Warmth should be 
supplied In bottles and an electric blanket and rest obtained b\ 
relieving the thirst with 5 per cent glucose in drachm doses b\ 
the mouth Kectal salines should not be given 

Intramuscular injection and preparation for transfusion 
Intramuscular injection 

In the mildest cases an intramuscular injection should be 
given of 20 cc of untyjicd citrated blood obtained from tbe 
mother or father or an} health} a\adab!e donor The blood 
can 1 e citrated bj adding Ice of 3 jwr cent sodium citrate to 
ever} 10 c c of blood (0 03 gramme of sodium citrate crjstnb) 
Tlio injection should be made into the thigh and not the 
buttock — below the mid point and well awav from the naj km 
area and so out of danger of infection If it is ncccssarv to 
rqiext the injection it should he made into the opposito thigh 
or deltoid region 

Preparation for blood transfusion It is important that 
the intramuscular injection of blood si ould only be rejanlcd as a 
temporary measure to bo used while provisional arrangements 
are being made for a blood transfusion It is probxblv true to 
aay that cases which recover with intramuscuhr injections of 
blood would probal ly recover without them and that j itienta 
wh ) die follow mg intramuscular injections only w ould probabl} 
bav e recov crcd if the} had been giv cn a blood transfusion 

The prejia rat ions include 

1 Group the baby and the donor 

2 Collect serum from the bnb} for cross matching 

3 Obtain some one exjicrienccd in tins work to perform the 
transfusion 

4 Exanuno the patient for a suitable vein on the scalp oral 
tlio ankle 


Intravenous transfusion 

If the child becomes restless or if the 1 leedmg continues or 
starts ogun or the pallor increases withm the next two hours 
no time should be lost in giving a blood tmnsfusion of 60- 
100 cc of citrated compatible blood A second intramuscular 
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injection of 20 c c should be given if there is delay in obtaining 
a suitable donor for transfusion 
Post-transfuslonal care. Feeding The infant should 
return to the breast as soon as the bleeding has ceased There is 
no need, nor is it right, to withhold fluids, as hunger will cause 
peristalsis 

Repair of the anaemia An anaemic infant is % ery prone to 
infection Two or three day3 after the bleeding has stopped tho 
degree of anaemia should be re determined and a transfusion 
given if this is of more than moderate degree 
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ERYTHROBLASTOSIS TOETALIS 
1 here arc t« o t nnetics of this haoinoh tic anaomt i of the new 
horn 

1 Icterus gnu is neonatorum in which set ere anaemia is 
associated « ith jaundice and 

2 \naeima haemol} tica neonatorum in which there is n 
hCYcre anaemia of the same type hut without jaundice 

ICTERUS GRAVIS NEONATORUM 
III icterus gratis neonatorum the jaundice mnj bo so deep 
that the undcrij in w anaemia is mashed unless the condition h 
suspected and confirmed b^ a blood count 
Clinical features 

At the birth of the child it maj be noticed that 

(n) I lie ternix ettseosa is golden \dlow 

(b) Tlio placenta is unusuallj largo 

(r) I here is oedema of the limbs 

(d) Ihe infant is jaundiced 

Development of jaundice is tarlj It is present in about hnlf 
the cases at birth and m the remainder with rare exceptions it 
dctclofn on the second or third daj The jaundice is marked 
and raj nils deepens On examination of tlio abdomen the lit er 
and spleen will be found to lie palpably enlarged 

The diagnosis is decided bj the blood picture which is one of 
destruction and regeneration proceeding side bt wde An 
example of the blood jiicturo is ns follows 

Unci oglotin 30|Nretnt 

R si Hood enrj Usclcs IJ 2J i II » 

\nionjrst IIicho nn mnr j t tclrnlr I 
rnl cells whcli rv « uul ip of 
crj tl rollnsts in yn! Huts nn 1 
non I lasts tl nom obi wts l»c- 
li g present m tie jnjxirtion of 
nt* it 12 to l of tl i 1 w* mil re 
nuel it«I ml c Its 10 000 30 000 

Ret ci 1 lejtos 10 per a nt 

Wit bloo*l corjMiscl -s 35 000 (cl i lit pn>n ilo 

nli « tl n f v i»n 
i intum cells of tl o 
gmnuiocj to «ri w) 
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TREATMENT 

Except in the mildest cases in which a spontaneous recover} 
is likely it is generally agreed (Hawhslcy and Lightwood 1934) 
that intravenous transfusion of blood holds out the best hope 
of a cure Unfort unatelj there is a tendency to withhold this 
\aluablo remedy until the anaemia is too grave for any 
therapeutic measure to be successful The authorities men 
tinned above recommend that repeated transfusions should be 
gnen of G0-100 c c depending upon the weight of the child 
until the haemoglobin level is restored to within the low er limits 
of normality Tour or more such small transfusions may bo 
required and they should be giv cn at interv als of four dajs to a 
week (sco alternative in next paragraph) 

Large volume transfusion By the time the fourth or fifth 
transfusion is due there mo} be some difficulty in finding a 
suitable vein This may provo rather a serious obstacle m a very 
ill child and for this reason it is an advantage to reduce the 
number of transfusions b} giving the blood in one or possibly 
two larger volume drip transfusions 

Prognosis 

Unless the diagnosis is made earl} in the disease and appro 
pnato treatment started the prognosis is bad and is saul to be 
associated with on 80 per cent mortalit} In the cases which 
recover a residual spasticity together with mental deficicne} 
may remain This is said to be due to jaundice of the nuclear 
masses of the brain (kemicterus) which produces degeneration 
of these areas of the nervous system 
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SUMMER DIARRHOEAS 

Tho collcctn e phrase ‘summer diarrhoeas is a comprehonsn o 
term and includes examples of diarrhoea and \ omitmg of w idely 
chlTerent aetiology In some there is a specific infection of tho 
intestinal tract such ns occurs m food poisoning in typhoid, 
dysentery and salmonella infections but apart from these 
there is a large group of cases in which no specific infection 
of the intestinal tract can bo found and of this group the largest 
number arc due to a parenteral focus of infection elsewhere 
in tho body particularly otitis media In a certain fen no 
obvious infection seems to be present and one has to think of 
these os being env ironmental and duo to great heat w ith high 
humidity 

Whatever their aetiology the diarrhoeas produce a common 
clinical picture — that is dehydration and wasting In certain 
circumstances ns will bo discussed later blood transfusion may 
ho very \ aluabl© It is as well to emphasize at the outset how 
e\er that the routine use of blood transfusion for diarrhoea and 
vomiting is by no means without danger 

Diarrhoea complicated by DEHYDRATION only 

In an untreated case of diarrhoea there comcR a time when tho 
intake of fluid docs not adequately balance tho fluid loss To 
maintain the blood volume tho tissues arc drawn upon and tho 
child becomes dehydrated Clinically thw is shown by a dry 
inelastic skin dryness of the mouth sunken ey rs and fontanclle 
ami those signs which depend on circulatory failure namely 
cold and cyanoscd extremities a feeble pti!*o and diminished 
unnary excretion 

At If is stage blood transfusion is contra indicated because the 
fluid requirements can be equally well restored by means of 
water glucose, and saline Aldndge of Birmingham, in o per 
eonnl communication (1038) says 

In tho treatment of del y tmt on in infants we lta\c corno to <t n 
eoncl ision that blood transfusion is not only of icry little tf crojicutfc 
vnl ie but maj also bo of harm to t) i recipi nt ns 0 o degree of con 
central ion of tho Mood may Iw increased as the mailt of tnrnsf wion In 
assessing tl o extent of I aemoconeentration we lave done nsl eel! 
counts haemoglobin estimations and also haemntoent readings on nil 
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specimens and have found that they are almost invariably increased m 
those cases which are dehydrated clinically However, as some of the 
children Iiav o quito a marked degree of nutritional anaemia, part of the 
mcreaso of red cells may bo the result of tlus In cases of this type wo 
ha vo found that the h&cmatocnt readings are of most use in determining 
tho degree of concentration of the blood Also it seems that cases with a 
blood count of over 6 000 000 per c mm will stand a transfusion quito 
well os long as tho liacmatocnt reading is not unduly high i e is under 
40 per cent ’ 

A similar attitude is adopted in Liverpool where TorehaU says 
in a personal communication (1938) 

'Cases of summer diarrhoea are being treated by continuous ultra 
venous Hartmanns solution with glucose which ls kept running until 
tbo diarrhoea stops Wo hav e only used transfusion to correct anaemia 
following tho acute condition 

My own experiences at the Royal Waterloo Hospital are in 
agreement with these observations 

Diarrhoea complicated by MALNUTRITION as well as by 
DEHYDRATION 

If diarrhoea and \ omiting continues malnutrition is likely to 
dov elop from deficient absorption of protein If the child is seen 
for the first time m this stage — that is to say with dehydrated 
tissues and commencing malnutrition — xl is important to relieve 
the dehydration first, before dealing with the malnutrition This 
is because, although tho total serum proteins are depleted tho 
serum protein level is high owing to tho diminished volume of 
fluid in the circulation 

The effect of a blood transfusion at this stage will be further 
to raiso the scrum protein level and hence the osmotic tension 
Clinically, this will ho seen ns an increase in the existing dehy 
dration In other words a blood transfusion at this stage mil 
merely aggravate the condition already present 

Treatment 

In cases of dehydration with malnutrition tho treatment 
should bo earned out m two stages, 

1 Relief of dehydration The lost fluid should first be replaced 
by adequate hydration by intravenous or other routes This 
w ill dil ute the serum proteins to normal or l>elow If a hypopro 
temaenna is produced the tissues may even become oedematous 
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l fJesfornhon o/ seriivi prolem level Jsow w the hme — when 
the dehydration has been relieved — to raise the serum proteins 
by transfusion and so relieve the malnutrition 
The dosage 

Malnutrition and anaemia often go hand in hand so that a 
haemoglobin estimation although not an c\»ct calculation of 
the degree of malnutrition will gno n u.efid lead ns to the 
\ olnmc of Wood which should lie tnui^fu ed 
PYLORIC STENOSIS 

In pyloric stenosis there is a triple lesion There is deln dm 
turn from loss of fluid m the a omit there is alb "dusts from loss of 
chlorides in the same ua\ and there is Inpoprotcincmi i from 
inability to absorb j rotcin 

Treatment 

The dehydration must be dealt wither#/ b\ the administn 
tion of glucose and saline (see j> 2SJ) 

Tor the / ypoprotcamua blood transfusion is indicated and 
this is particularly important l>ecauso of the coexisting alkalosis 
a state in w Inch the tissues are also h\ drophihe The object of ft 
blood transfusion is purely to raiso tlio serum protein and so 
increase tlie osmotic pressuro of the blood Uv m> doing the 
hydrophilic tendency of the tissues will bo counteracted which 
a simple infusion of saline cannot nchieic At the tame tunc in 
increasing the circulation through the kidney c\ce«s of alkali 
will be excreted and the acid base 1 alnnco restored 

Tlie transfusion should be given on the d i> I efort ojieration 
Tho dosage of blood will be determined by the weight of the 
infant Improvement w ill V c shown bx a return of tissue turgor 
an increased excretion of urine a pulse of letter volume and 
by the return of chlorides to the urine 

The sftSHAlMOFOlETic anaemias of Infancy ami 
Early Childhood 

Tlie dvshacmojx letic anaemias arc associated «*th ineflicnwt 
blood production They ore most corn m only due to deficient 4 
of iron in the diet or to mfcctun less commonly to utamin or 
endocrine deficiency 
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The treatment of these anaemias is the treatment of the cause, 
ant! as they respond quickly and well, the need for blood trans 
fusion is exceptional and as a routine measure unnecessary 
'I ho commoner types of anaemia may be enumerated so that the 
reader, being on the watch for them, will be able to elucidate 
the cause and remedy the deficiency in its simplest way 

The iron deficiency anaemias 

The anaemia of prematurity is the earliest example of an iron 
deficiency anaemia seen and is due to the fact that approx 1 
mately two thirds of the iron reserve of the foetus is laid down 
in the last threo months of pregnancy Thus the infant is bom 
before it has received its full quota of maternal iron The 
anaemia of multiple births is well known and is due to the 
maternal supply of iron being insufficient for more than one 
infant After the third month of life a nutritional anaemia may 
develop, duo to deficient iron in the mother’s milk, and a 
similar anaemia occurs from excessive prolongation of mi li 
feeding, the supply of available iron being insufficient for the 
rapidly growing child Most of the above anaemias are due to 
deficient ingestion of iron, but anaemia may also de\ elop from 
deficient absorption This is seen in coehac disease 

The anaemia of infection. 

Septic foci such as discharging cars, tonsillitis, and so forth 
are always potential causes of anaemia If the infection is 
eradicated the child will usually respond rapidly to an iron con- 
taining diet Where infection appears to be the cause of the 
nnacimn, but cannot be treated, one or more small transfusions 
nfford the best method of treatment since the blood will not 
inaho any attempt to regenerate until the infection has dis 
appeared In many of theso infants, particularly those who are 
failing to gam weight, a small transfusion will cause a sudden 
change for the better m the patient’s condition w Inch frequently 
marks the beginning of a steady and lasting improvement 
Endocrine and xitamln deficiency anaemias. 

The anaemia of cretinism responds well to thyroxin and the 
anaemia of scurxy to vitamin C, although the latter is not so simple 
to treat as in adults os it is often associated w ith infection 
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Nutritional anaemias 

In the nutritional anaemias of carl} childhood transfusion is 
necessary onl} m cases m w hich the cell volume and hnemo 
globin content arc nearing the lc\el w Inch us mcompatil le with 
life In these circumstances one or more transfusions will fre 
quentl} remove the patient from the danger zone until a 
proper diet will gradual!} raise the cell \ olume and haemoglobin 
content to normal lc\els 


Statistics 

It is interesting to compare tho number of blood transfusions 
given during the same \car (1937) at two veil known hospitals 
of much the same size (Toronto Htspitnl for Sick Children 
320 beds Great Ormond Street London 257 1 cds increased 
to 326 beds in 1030) Ver} many more transfusions were guen 
m loronto than in London The difference is parti} duo to the 
greater incidence of gnstro-cntcntw in Toronto but mainl} duo 
to a different attitude of mind in regard to the \aluc of trans 
fusion ns a therapeutic measure jn this disease 

J937 Toronto 

Total n imber of transfua ona 1 IBfl 

Number m 1 r ] jrar *M5 

N anber over 1 jeiir 74 1 

Number wl ole Mood tmnsF is ons ] I t 

Ni mber c tmte translu* o is S'* 

Indications 

Castro enteritis is tl c commonest indication in botli Hos 
pitals but appnrtnth the incidence in Toronto is ver} much 
higher than in London At Great Ormond Street out of 
approximate!} 75 admissions for gnstro -enteritis 30 rcccited 
transfusion i c under 50 per cent Xhc Toronto report sn\s 
In summer diarrhoea blood grou] mg is a routine in the admit 
ting room and except m the \erj mild cases transfusions arc 
routinely gn cn as soon as the patient reaches tlie ward 

Figures v cr> similar to tl e Ixmdon statistics come from the 
Hospital for Sick Children Glasgow Fleming in a personal 
communication ea\B During tho two }cars Tnnuarv 1930 till 
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72 

n 

„n 



TRANSFUSION IN INFANTS 287 

Deeember 1037 in my unit of 80 beds, 58 children were trans- 
fused, the total number of transfusions being 133. Fifty of the 
children were under 1 year of age and 8 over 2 year. There were 
G cases of haemorrhagic disease of the newborn — all recovered 
— and 0 of icterus gravis neonatorum, of whom 4 recovered. 
Citrated blood was used in all cases.’ 
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THE TECHNIQUE 

Although the apparatus used when transfusing infants is 
essentially the same as that standardized for adults there are 
certain important changes in procedure required These changes 
include 

1 The choice of vein 

2 The tcchniquo of entering the vein 

1 The use of positn o pressure to make the injection 

The choice of \ein (up to 12 months) 

(i) It is wise to cliooso a vein in uhieh suhsequent thrombosis 
can do no harm For this reason transfusion of blood v m the 
superior longitudinal sinus should never ho performed It is 
occasionally justifiable to withdraw blood through tho anterior 
fontancllc but never to inject it A largo enough nuinlrcr of 
instances of sinus thrombosis and subdural or sul arachnoid 
haemorrhage with hemiplegia have now been reported for us to 
say that the sinus approach is highlv dangerous Fortunately 
there are other routes at our disposal 

( 11 ) Wien possible tho transfusion should bo given without 
cutting down upon tho veins In a bn In multiple transfusions or 
other forms of intravenous therapy nro more commonly given 
than in adults so that it is important to avoid cutting down for 
as long as possible ns the number of wins suitable for vene 
section purposes is very few 

The method of entry 

By venipuncture In an infant tho superficial veins par 
ticularly of tho rcalp arc more easilv seen than tho medi in 
cubital and basilic at the tlloic For most purposes the super 
ficinl temporal or frontal scalp veins arc the most satisfactorv 
hut nm visible vein mnv le Used Sometimes the external 
jugular vein is prominent but its movements arc rather mon 
difficult to control and tho position of the head fumed to tho 
side is awkward when it tomes to making the injection Other 
veins that should fie looked for arc the dorsal metacarpal veins 
and there is sometimes a fairlv well marked v em to be found on 
Hit radial side of the tndex finger Occasionally there is a dorsal 
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cutaneous vein on the foot into uluch a needle can bo inserted 
If all other routes fail the common femoral t cm maj be used 
By venesection The only constant veins which can be 



Fia 02 Immnl ihzing tho lower limb of an infant 
(a) The strapping is f rat fixed to tho bad of tiio splint 
Tho black lino in hen ton the a to and direction of tl o incision to expose tl o 
internal saphenous \em as it passes in front of tho medial malleolus 

relied upon for venesection are the external jugular vein in 
the neck the nntccubital veins at the elbow, and the internal 
saphenous at the ankle 

If possible tho external jugular veins should be avoided, as 
exposure of these is liable to leave an unsightly scar The t cm 
u 
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of cJotce is the internal saphenous at the ankle where it runs 
anterior ami slightly external to the internal malleolus One 
may depend on finding this \ein men in the tiniest 1 nines It 
should be exposed by a trans\crse incision (see fig 62) 



(i) Thestrnpp ng tc»m *1 arrow t) ofootwh chu fire* lint! onlxluclo<)p.Mil on 

Difficult cases If the saj henous cubital and ju e ular reins 
hn%o been ti«ed and there is no sujierfieinl \eui \wble an mjee 
tion into the common femoral \em or into the peritoneal cm ity 
is to be preferred to injection into tho superior longitudinal 
sinus In desperate cnees Xzanch has undo successful mtnicar 
dine transfusions (Ixanck 1027) 
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TRANSFUSION WITH SYRINGE AND TWO-WAY TAP 
The apparatus. 

The apparatus required is tlio same as that already described 
as being u«ed in the tube and funnel type of gravity transfusion 
in which entry into the vein is made by record syringe and two- 
way tap (p 20G), but with one addition — another 6 c c syringe 
and two way tap are needed This syringe is connected by the 
tap to tho tubing halfway between the reservoir and needle 
It is used by an assistant to make tho injection once the vein 
has been entered by tho operator It is required for tw o reasons 
owing to the small size of the v oins a needle of very fine calibre 
has to be employed, and this will not allow a gravity flow — 
hence some way of making positive pressure has to be found 
The other reason for using this syringe is to enable the operator 
to concentrate on maintaining the immobility of tho needle, the 
position of which is prejudiced should the attached synngo he 
used instead, for making tho injection Tho needle used should 
bo 22 gaugo and 1\ inches in length 

Preparation of the infant. 

If a scalp vein is selected, the surrounding hair must first be 
shaved away Shaving will often make almost invisible veins 
stand out 

Tho struggles of tho baby must be restrained by 

(a) Sedatives before the transfusion 

(b) Skilful blanketing so that neither tho arms nor legs are 
free 

(e) Firm control of tho head by an assistant while tho 
injection is being made 

The injection. 

1 The container, tubing, and both syringes are fitted 
w lth w arm saline Tho ncedlo is fixed to tho distal or operator’s 
syringe It should be put in connexion with the syringe by 
turning tho tap in tho appropriate direction 

2 The v cm (superficial temporal) should be made prominent 
by the assistant pressing on it with Jus thumb just above and 
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m front of the ear If this does not make the vein stand out, the 
child should be forced to cr> Further distcn ion may usualh 
be obtained by tapping over it with the fingerforn few moments’ 
(Schwcntker 1931) 

"l The technique of injection is exactly opposite to that em 
ployed in the adult The procedure is as follows I ho syringe 
is held ui the right hand in such a wav that the tip of the index 
finger overltcs the hilt of the needle Hie needle is pushed 
through the ekm to one sido of the vein to avoid pricking it 
prematurely Tlic venepuncture should now bo attempted 
Schwcntker advi es that the vein should be entered from its 
deep aspect As soon as one feels that the point of the needle 
has entered the lumen a Inal injection is made In these small 
veins it is useless to nttcmjit to withdraw blood the vein wall 
simply collapses If a small swelling appears this should be 
massaged away and another attempt made As soon as the 
l cm has been entered the operator should sbde his index finger 
along the shaft of the netdlo until it overlies its point of 
entrance through the scalp The finger should be kept in this 
position without moving throughout the injection The injee 
tion can non he made with safetv preferably by the assistant 
using the second syringe but if this js not available by the 
ojK-rator with lus free left hand 

TRANSFUSION WITH THE ROTARY PUMP 

The sv nnge method of transfusion dcscnl»cd has the <h«ad 
vantage that the plunger of the syringe used 1 \ the assistant 
for making the injection tends to stick in the harrel after a 
short time This is duo to the very slow rate of injection w Inch M 
neeessnrv If a rotarv pump is available it is more convenient 
to u-<5 this m place of the assistant « evnnge as a more regular 
and easier flow w ill be obtained The pump ean be j laced in the 
circuit lie fo re or after the vein has been entered The actual 
venepuncture vuvvet be vnode. uvtV. 9 , syruv^e. which. vlvcwdd he 
held m position throughout the transfusion ns in the- jircuous 
method 

Transfusion with multiple syringes (Whole Blood ) ('■ce 
p 10 j) 
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Gravity method of transfusion — m infants and older 
children 

Tho transfusion can be given by the ordinary gravity method 
provided that a very fine needle is not being used — a point 
which is determined by the size of the patients veins In 
infants it is unusual to be ablo to give blood by a gravity method 
ovcopt possibly when a cannula can be tied m In older children, 
on the other hand, the technique is of course tho same as for 
adults 

Transfusion with large syringes 
Owing to the relativ ely small amount of blood required for 
transfusion m infants it has been suggested that the total 
amount to be injected could most com emently be collected into 
a large syringe containing citrate and from this directly injected 
into the child Ibis method in practice involves the use of 
heavy and bulky syringes which are unwieldy to mimpulate 
and difficult to control with accuracy and is not advised 

LARGE VOLUME DRIP TRANSFUSION 
Tho pruiciples of the largo volume drip transfusion as des 
cnbed for adults may lie applied unaltered for infants and 
children Tho only difference lies in the smaller size of the 
patient, so that the amount of blood and rate of introduction 
will be proportionately reduced and the appar itus though the 
same, can conveniently be smaller 

Variations in apparatus and procedure 
(i) Tho reduction in volume of blood to be transfused allows a 
smaller reserv oir to be used 

(n) Tho reduction m rate is obtained by adjustment of tho 
special capillary tube regulator described chew here 

(m) The small size of the veins makes it necessary to cut 
down and use a very fino cannula Tho ordinary tv pe of glass 
cannula cannot be drawn out into a very fino point consistent 
with strength Kckwick recommends a metal cannula of the 
type used m experimental physiology, and brush (1932) has 
found a ureteric catheter v cry satisfactory 
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CHAPTER XIX 


AUTO TRANSFUSION 

Successful instances of blood replacement are in the expen 
cnco of over} surgeon Large senes of cases have been reported 
by New ton (1933) and Stabler (1934)in Great Britain by Tiber 
(1934) and Watson and Watson (1936) in America 

Iho rcinfusion of blood shed into the peritoneal cavity was 
first practised by Thies of Leipzig in 1914 but as early as 1885 
John Duncan of the Royal Infirmarj Edinburgh rcinfused the 
blood which dripped from an amputated limb after adding 
sodium phosphate as an anticoagulant 

Blood replacement is most commonly practised in cases of 
haemorrhage into one of the body cavities sometimes the 
pleura more often the peritoneal cavity B} far the commonest 
association is with the mtrapentoneal rupture of an ectopic 
pregnancy although rcinfusion may also be practised following 
the rupture of a liver or spleen It raaj even occasionally bo 
worth while to exsanguinate a viscus after its removal for 
instance following the removal of an enlarged spleen par 
ticularly if the splenomegaly was associated with anaemia 

The risks involved 

liber (1934) reported 189 cases of ruptured ectopic pregnancy 
winch received auto transfusion There were three deaths and 
six severe reactions of a haemolj tic t> pe directly attributable to 
the transfusion In each of the fatal cases the 1 lood had been m 
the peritoneal cavity for more than 72 hours Coley (1928) also 
reports a severe hacmolj tic reaction — again after infusing blood 
more than three days old Grossmann (1924) records a fatal 
haemolytic reaction following the rcinfusion of blood coming 
from a ruptured liver In these circumstances the blood may 
becomo mixed with bile salts which are well known haemolytic 
agents 

Other severo reactions have been explained bj the use of 
blood which has become infected cither bj direct contamination 
from a coincident bowel perforation or follow mg permeation 
from the bowel in cases oflong standing rupture 
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In other cases the reaction npjiears to he duo to the intro 
duct ton of toxin* formed from decomposing blood clot 
Ricci anddi Palma (1034) June shown that the red cell count 
is mieroscopicalh normal up to 72 hours after perforation 
The rahs associated n itlt rcinfuMon of blood w ould appear to 
lit in the main avoidable b\ careful selection of cases 
Thus blood replacement should not bo attempted 

1 If tho mtrapentoneal haemorrhage is of more than -4 
hours standing 

2 If there is an associated Iiowcl or other hollow \j9Ctis 
mjurj 

I If tho bilnr\ apparatus has liccn damaged 
The advantages of auto trnnsfuHon art considerable for tho 
delay is avoided that would lie «{>cnt in grouping a piticnt, 
obtaining n donor cross grouping and collecting the blood 
Furthermore the rist of an mcompatvhle transfusion or the 
transmission of disease is eliminated— although sei ere reactions 
tna\ occur if old or contaminated blood is used 

Procedure 

Tho general procedure to be adopted in a case of mtrnperi 
toneal or rntmthorncic haemorrhage m which transfusion will 
be neecssarj should lx* ns follows 
A donor of tho an mo blood group should ha obtained and 
cross matched with tho patient before the operation and he 
should attend at tho time of the operation m an adjacent room 
Tho presence of the donor is necessary in case the shed blood is 
found to be unsuitable Iiecnuse of clot formation or contamma 
tion or liecauso of technical difficulties associated with its 
collection or administration As a rule there is plentj of lime to 
cam out this prccautionarv measure 
It has been niv experience that there is a tendency for tho 
patient to ro)iap»c coni parnln cl \ carl} in the operation for 
the removal of a tubal pregnanev that is towards the end of 
the manipulations to deliver the blood In point of time tins is 
before the extra uterine gestation has been removed and before 
the collected blood is quite rend} to tie reinfused I or this 
reason in all these cases a slow intravenous glucose mltne should 
be started ns soon as the patient is on the table B} being 
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prepared in this way, the rcinfusion of blood can bo begun at 
tho earliest possible moment, and a less hurried transfusion 
performed 

Technique. 

The blood may be collected by suction or simplj by baling it 
out by hand If suction is used only a small incision should be 
made at first so that blood is not lost by o\ erflowing through the 
wound If the blood is being collected by hand a larger incision 
will be necessary from the first, and it will be found convenient 
to use a small boat shaped icceptacle rather than a round con- 
tainer which is not so easily manipulated in and out of the 
wound Care must be taken not to allow water or antiseptic 
solutions to drip from tho hands into the blood while this is 
going on 

The blood is recened into a sterile glass funnel lined with six 
or more thicknesses of gauze, mushn, or fine mesh silk, soaked 
in 3 per cent citrate The stem of the funnel is directed into 
tho open mouth of the container selected to receive the blood 
This reservoir should contain at least 50 c c of 3 per cent 
sodium citrate, which should he added before the operation 
begins The funnel and container are held m readiness by an 
assistant standing in an accessible position on the opposite 
side of tho table to the surgeon 
There is no need to keep the blood earm while it is being 
collected — this only complicates tho procedure It can readily 
be raised to body temperature before infusion 
The reinfusion of the blood can now bo started by any method 
familiar to the transfuscr and available in the operating theatre 
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CHAPTER XX 


STORED BLOOD 

GENERAL CONSIDERATIONS 

And that there may bo blood throughout all the land of Egypt 
both m vessels of w ood and m vessels of stone 

In Russia all the large hospitals use stored blood almost to the 
exclusion of freshly drawn blood and the professional donors 
Bimply attend a Central Institute for its collection The feeling 
m England is that this is carrying change too far Where 
voluntary services predominate the wholesale diversion of a 
Honors services to a common supply might very well dry up 
the springs of altruism In Trance Spain and the Americas 
preserved blood is also extensively used The question is 
whether there is any real need for hospitals to store blood I 
personally think there is so long as it is strictly limited to use 
in emergencies and it does not usurp the place of fresh blood 
on other occasions More often than not the occasion is an cmer 
gcncy only m so far as wc are unprepared to give a transfusion or 
areas! od to do so at the last minute I know of no other operation 
m which a little forethought can avoid so much confusion The 
preliminaries include routine grouping on admission of all cases 
which may require transfusion early collection of serum for the 
direct test and centralisation of transfusion equipment which is 
sterilized and ready for use If a practice is also made of with 
drawing a pint of blood from a donor the night before a major 
operation and if wo can improve the efficiency of our existing 
donor services the occasions for using stored blood will be few 
and far 'between 

Although the experimental work on animals shows that blood 
stored up to fourteen days is biologically active these results 
should be applied to transfusion m man w itli reservations The 
fragility of human red cells increases after four day s of storage 
(Bagdassarov 1037) and although such blood might be trans 
fused without actually liacmoly smg it is veiy doubtful whether 
it w ould exert any prolonged therapeutic effect Furthermore 
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ng my own experiences have shown mo, severe reactions may 
occur after injecting only forty eight hours old blood In my 
opinion the period of storage should bo limited rather than ex* 
tended and should »» no circumstances bt more than eight day* 

ORGAN IZATIO V 
The blood groups to be stored 
Except m vcr\ t irge hospitals it u ill not lie « orth w hile to 
keep blood of all four gronjw India idnals of groups A 15 and 15 
make up less than 10 i*r cent of the total population so that 
much onstage would occur if blood of tlic-e groups was stored 
as a routine The remaining f '0 jicr cent is almost ctpiallv 
divided between groups A ami O (O bung the “o called unn ersal 
donor) Opinion is divided whether both these or only group 0 
should be stocked In the present state of our knowledge it 
would probably Ikj l >ettcr to concentrate on a supply of blood of 
the umv crsil donor group for the emergonev c irumistances u ith 
which stored blood is essentially concerned 

The source of donors for supplying blood for storage. 

As to the sources of blood for stonigo purposes there are 
three the living donor the placenta and the cadaver 
The living donor may l»e a member of a transfusion service, 
a relative or friend of the patient, or the jutiuit himself 
I From members of a transfusion service The con 
ditions of service ns they ovist in the Soviet Republic will 
illustrate the chief points 

The donors nn cinpom !I.«J to form a prof •H^ionnl *< n ic* in verv 
much tin *nmr wav n.< motlureounfn k I ut m*re»id ofnl ti nclinj. ot A 
ho*| itnl wl «n Ih > rw i\ e n call th j j*o lo a ri nlml ludilnt TJnro 
M oik of tl esc IIIocmI Tnuisfusion Institute* iri each < f th' hij; nil * of 
tl i Ssvi l And a lnrgt number of nmallif aflduit.W t ronrlic* A< f»r ** 
pnteubl it h t» mg nrruncisl tiuit tlx-n mditiit m shall I* situated in or 
mil in nt lo n 1 tro Iiomj itnl In a I lit inn « luimvMol pirnl d [wrtmuit 
K J« uiR formed «t ml KiMttcut with its own Inbi ratonm im 1 wnnb 
In thw wnj th cliim il on I esp» nin* nlnt w I •* of Juu-mntoJojn nn lump 
linked TXnnrsnj p)j nndpotl mush tin usual roue inn in slicalrxnir uni 
tion Jnnd tilmn tl i j nn pirn a passport An 1 tl * ir 5 * rsonnl rrcntdinn* 
Indexed at th* oflici 'flu. majnotv of the donor* unlike tlw** mam 
other country, am iromrn In L/ ma^rud m UI3G lluro mw a total if 
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1,025 of which 1 OOiwerowomen Between them they yielded 1 000 litres 
of blood which was spread o\ er 4 000 transfusions In many of tl o cases 
the blood was transported long distances to outlying country districts 
11 o occupations reported amongst the donors were as follows 


"U orkmen and women S37 

Nurses 244 

Stu tents 150 

Trudo apprentices 2 1 6 


Mamed women with no salaried appointments 178 

l~f25 

Of tl cse donors 29 sen ed more than 30 times anil 284 sen ed more 
than 10 times 

Tl e donors are allowed 6 weeks between eacli servico this limits them 
to a maximum of 8 donations a year 

In England, where professional services are in a minority we 
have to look olscwhero for our supply of conserved blood 

II From relatives and friends The use of relati\ cs blood 
for purposes of consen ation is much more satisfactory than for 
immediate transfusions If w c wait for emergency circumstances 
to develop a hand of excitable relatives maj congregate time 
is spent m several groupings and unless a chance is taken with 
regard to syphilis there w ill lie delay w bile waiting for the result 
of a test If transfusion is anticipated and the blood collected 
and stored in readiness much time and worry will be sa\cd 

III Trom the patient Occasionally an individual who has 
a full complement of haemoglobin and red cells has to undergo 
a major operation Unless ho is anaemic tho withdrawal of 
100-500 o c w ill cause no ill effects and no grouping is required 
Although few patients can afford this contribution it is a 
sourco worth bearing in mmd if a suitable donor is not at hand 

IV. From other patients requiring therapeutic venesec- 
tion Blood withdrawn for therapeutic reasons should alw ay s be 
taken into utrutc by a closed method and put in the ice chest 
It will of course require grouping and testing m the usual 
w ay Suitable donors include cases of lugh blood pressure heart 
failuro and jicrhaps polycy thacmia vera The blood from the 
latter has a particularly high concentration of red cells and 
haemoglobin, and is said to give good results when transfused 
into patients with aplastic anaemia Poly cythaemia is how- 
c\ er, a disease of uncertain aetiology , so this blood should not bo 
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transfused into liealtln recipients — for example after tmemor 
rliage from trauma Tor a furtlier discussion on the use of 
poly cy thaerme blood see p 150 Blood drawn from patients 
with uraemia has al o been used and is said to have no toxic 
effect upon tbo recipient 

V Trom the paediatric department Mothers attending: 
a paediatric department provided tbev are compatible can con 
vementlj be used to mako donations to their mi n infants Quito 
often, particularly m cases of diarrhoea and vomiting sever'd 
transfusions nro necessary at short intervals A single donation 
di\ ided amongst several small containers will save the Iron bit 
of repeated venesection or demand-, upon a transfusion service 

From the antenatal department It has been suggested 
that expectant mothers should give a pint of blood for storage 
any time after the seventh month by which time their blood 
counts have usually returned to normal In tln> way an 
obstetric department could be made independent of other 
sources of supply The individual contribution would not 
return to the donor but would be placed in a common poo! 
from winch she would have the right to draw when she sub e 
qucntly entered hospital There tiro several objections to this 
plan Jn tho first place it is doubtful whether tbo impersonal 
natutc of the contribution would find favour with most of tho 
mothers concerned In tho second place it »« i rry t/iictionoblr 
whether non therapeutic venesection of a pregnant woman is 
wise, for if anything untoward otcurml Inter on it might bo 
difficult to absolve the antenatal Joss of blood 

The Blood Bank. 

At the C-ooh County Hospital m Chicago a Blood Bank him 
been established and is working well Blood dcjiosited m tho 
bank from any of the above mentioned w>ur«s is credited to 
the eenice supplying it though the actual bottle «f blood 
deposited w ill not necessarily be uses! bv that wri ice Wien the 
time comes for a transfusion the house officer applies to the 
* bank cashier’, that is to say tho labnrntorv technician for 
blood of a specif ed group Provided the service or firm has 
blood of anv group to ita credit m tlio bank a bottle of the 
required group mav bo withdrawn a reeoril of tins l»cmg kept 
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The advantages of the hank are twofold 

1 If a number of friends or relativ es of unknown blood group 
offer themselves for transfusion, any one donor can be detained 
and bled, since the identical blood group is a matter of indiffer 
cnco, and blood is only being collected to maintain a credit 
balance at the bank In tins way tirao is saved and confusion 
avoided If the patient requires blood before the grouping result is 
known this w ill bo provided at the bank from some other source 

2 Blood of the correct group can be obtauied in exchange 
for blood of another group 

At first sight it seems that some degree of deception must be 
practised m order to obtain blood for the bank A donor is told 
that a transfusion may be necessary for a relation in hospital and 
tho blood is drawn and stored When the transfusion takes 
place, blood drawn from the bank, not necessarily that given by 
the particular donor, is employed This undoubtedly amounts to 
deception which could be avoided by explaining the facts to the 
donor Whether friends and relatives would then be as willing 
to part with their blood is another question The same problem 
arises when tho blood is a self donation for example, in the case 
of a patient before operation or a woman attend mg tho antenatal 
dime There is no reason however why blood should not be 
obtained from these different sources and given to the patient for 
whom it was originally intended Tins practice would destroy 
the fundamental principle of the bank — the Exchange System — 
but would still have the other adv nntagC3 associated with con 
served blood 


METHOD OF COLLECTION 

There are two methods of collection practised at the principal 
centres using conserved blood the simplo open method b> means 
of a short length of tubing winch empties into an open mouthed 
flask, and the common closed method of bleeding by creating a 
negative pressure in the collecting flask either by a rubber bulb 
or bj mouth suction through an intervening filter 

The open method. 

Although it is true that blood is actually bactericidal to the 
ordinary organisms m the air of tho average room it is question 
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transfused into healthy recipients — for example after liaemor 
rhage from trauma I- or a further discussion on the use of 
poh evtliaemic blood see p loO Blood drawn from patients 
with uraemia has al o been used and is said to have no toxic 
effect upon the recipient 

V From the paediatric department Mothers attending 
a paediatric department provided thev are compatible can con 
rementty be used to make donations to their own infants Quite 
often particularly in cases of diarrhoea and vomiting sei enl 
transfusions are necessary at short intervals A single donatton 
divided amongst several small containers will save the trouble 
of repeated venesection or demands upon a transfusion service 

From the antenatal department It has been suggested 
tint expectant mothers should give a pint of blood for storage 
any tune after the seventh month by which time their blood 
counts have usually returned to normal In this any an 
obstetric department could be made independent of other 
sources of supply The individual contribution would not 
return to the donor but would be placed in a common pool 
from which she would hate the nght to draw when she subse 
quently entered hospital There are several objections to the* 
plan In the first placo it is doubtfnl whether the impersonal 
nature of the contribution would find favour with most of the 
mothers concerned In the second place 1 1 is very questionable 
whether non therapeutic venesection of a pregnant woman is 
wise for if anything untoward occurred later on it might lie 
difficult to absolve the antenatal loss of blood 

The Blood Bank 

At the Cook Count y Hospital m Chicago a Blood Bank has 
been established and is working well Blood depo jted in the 
bank, from any of the abov e mentic ned sources is credited to 
the service supplying it though the actual bottle of blood 
deposited will not necessarilv be used by that service When the 
tune comes for a transfusion the house officer applies to the 
‘bank cashier that is to say the laboratory technician for 
blood of a specified group Provided the service or firm has 
blood of any group to its credit m the bank a 1 ottle of the 
required group mav be withdrawn a record of this being kept 
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The advantages of the bauk are twofold: 

1. If a number of friends or relatives of unknown blood group 
offer themselves for transfusion, any one donor can be detained 
and bled, since the identical blood group is a matter of indiffer- 
ence, and blood is only being collected to maintain a eredit 
balance at the bank. In this way time is saved and confusion 
avoided. If the patient requires blood before the grouping result is 
known this will be provided at the bank from some other source. 

2. Blood of the correct group can be obtained in exchange 
for blood of another group 

At first sight it seems that somo degree of deception must be 
practised in order to obtain blood for the bank A donor is told 
that a transfusion may be necessary for a 1 elation in hospital, and 
the blood is drawn and stored. Wien the transfusion takes 
place, blood drawn from the bank, not necessarily that given by 
the particular donor, Is employed This undoubtedly amounts to 
deception, which could be avoided by explaining the facts to the 
donor. Whether friends and relatives would then be as willing 
to part with their blood is another question The same problem 
arises when the blood is a self donation, for example, in the cose 
of a patient beforo operation or a w oman attending the antenatal 
clinic There is no reason, however, why blood should not bo 
obtained from these different sources and given to the patient for 
whom it was originally intended This practice would destroy 
the fundamental principle of the bank — the Exchange System — 
but would still have the other advantages associated with con- 
served blood. 


METHOD Or COLLECTION 

There are two methods of collection practised at the principal 
centres using conserved blood, tlio simple open method by means 
of a short length of tubing w liich empties into an open-mouthed 
flask, and the common closed method of bleeding by creating a 
negative pressure in the collecting flask either by a rubber bulb 
or by mouth suction through an intervening filter. 

The open method. 

Although it is truo that blood is actually bactericidal to the 
ordinary organisms in the air of the average room, it is question- 
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able whether such a risk should be tal en in the less ba eternity 
pure air of a hospital If by any chance a fatal reaction follow cd 
the use of stored blood collected by an open method one s first 
inclination n ould be to question the sterility For these reasons 
the open method of collection should not be used if the blood is 
afterwards to be conserved 

The closed method 

It is my own practice when collecting blood for storage pur 
poses to follow certain rules 

(i) The blood is collected by a closed method 
(n) The container is autocla\c 1 with the citrate in stlu 
(ui) The container is air tight when sealed 

(iv) There is the shortest possible exposure of the contents 
of the container to the air 

(v) The neck of the container is protected during collection 
and storage from dust collection so that the blood can 1 c 
poured from it into another vessel with a minimal risk 
of contamination 

(n) The capacity is so arranged that 500 c c of blood and 
50 o c of citrate almost fill the bottle thus ensuring a 
minimal v olume of air in the container for contact with 
the upper surface of the blood 

If a container with, a greater capacity is used considerable 
wastage Df blood may occur It w ould probably be an advantage 
to have m addition smaller bottles — of capacity 300 c c — to 
serve for the smaller transfusions 

Description of the Container An entirely satisfactory 
container has not yet been devised Since I first wrote this 
section numerous different patterns of containers have been 
described (Elliott Biddle and Jorda 1910) 

At present the most satisfactory in my oj mion is the Macart 
ney bottle already described on p 237 as a suitable stnn lar l 
container for ordinary transfusion work Such a bottle js 
readily supplied with a vacuum already j resent or negative 
pressure may be made by a Tubber bulb or by the rotary pump 
ns wl en collecting blood by the closed method (p fe) TI c 
mouth of tlio bottle can be stoppered with tie standard olti 
minium cap or if preferred with a rubber cap which will allow 
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perforation It is an advantage if the container used for storing the 
blood can also he used for its administration 11ns avoids dupli 
cation of apparatus and diminishes the risk of contamination 
Mixed blood of the same group I am personally not jet 
convmced of the safety of mixing bloods of the samo group, 
particularly those associated with sub groups because of the 
possibilities of sub group reactions Jorda (1939) holds the con 
trary new and saj s that the objections are purelj theoretical 
and not confirmed in practice He says that mixture of bloods 
of the same group gives the following ad\ antage 
First, a verj homogeneous blood (biologically speaking) is 
obtamed, with a normal quantitj of cells, haemoglobin, glucose, 
urea, and other constituents and the product of the mixture of 
several bloods tends to approximate more nearly to ideal blood 
Secondly, mixing of several bloods has the effect of averaging 
out the agglutinin concentration and producing a final titre 
which is so low as to be harmless 

The use of compressed air Jorda (1930) stores blood 
under a pressure of tv o atmospheres He claims that this gives 
him a method of automatic bacteriological control of the blood 
(p 309) and a positive pressure for introducing the blood into 
a vein For the details of this method lus own paper should be 
consulted (Jorda, 1939) 

The addition of sodium citrate 
As it is undesirable to expose the mouth of the bottle to the 
air for longer than is neccssarj , the citrate should be added to 
the bottle before it is autoclaved So far as is known at present 
the quantity will be the same as when the blood is intended for 
immediate use, that is to say 10 c c of 3 per cent sodium citrate 
to every 100 c c of blood drawn Drj sodium citrate has been 
used for this purpose and so also has 30 per cent , m which case 
tho quantitj will be 1 c c of 30 per cent per 100 c c of blood As 
reported in a later section, when larger amounts than 0 3 gramme 
to 100 c c of blood u> used, the onset of hacmoljsis is accelerated 
It is possibly an advantage to dissolve the citrate m a minimal 
quantitj of water, so that tho volume of fluid introduced into 
the blood maj bo as small as possible Other anticoagulant 
solutions are discussed on p 187 
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The technique of collection of blood for storage 

Ifthe’WcCartUej bottle is used the technique of collecting for 
storage purposes is exactly the same as that described for the 
withdrawal of blood by the closed method on p 8 The tubing 
earning the donor needle is washed through w ith sodium citrate 
before making the venipuncture It « ill be unnecessary to make 
am negative pressure as a rule especially if the tubing to the 
donor is kept really short 

Blood should aho be collected into separate tubes for cross 
matching and for the 11 aasermann reaction if the donor is un 
known I find that this is most easily done after the collecting 
flask has been filled the in flow tubing is temporarily pinched 
while the bottle is being disconnected A few c e are now allowed 
to run into a test tube (no citrate) for the \\ asserraann reaction 
and a few drops into another tube containing some 3 per cent 
citrate for cross matching The latter tube should be strapped 
to the side of the bottle 

In some hospitals there is no provision made for cross match 
mg without opening the main bottle This is unsatisfactory be 
cause suppoaing the cross test shows incompatibility the bottle 
will hav e been opened unnecessarily and needless waste of blood 
will occur Once the container has been opened it must be re- 
garded as being potentially contaminated The technique reeom 
mended above avoids the danger of contamination as thomain 
reservoir is left undisturbed 

Accurate and prompt labelling js important Tho blood group 
and date of collection must be clearly marked and the blood 
stored separately until the \\ assermann reaction is known The 
blood should not be left standing expose l to hgJ t and if it is to 
be taken some distance it should be covered with a cloth As 
freezing must lie av oided it is not safe to keep the blood in the 
usual domestic refrigerator 

COVDITIONS OF STORAGE 
Duration of storage 

The conditions must be such that tie blood retains its 
beneficial qualities without acquiring any harmful ones Human 
blood transfusion is said to have been successful after as long as 
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four weeks’ storage, but ray own opinion is that this is far in 
excess of the safe period. 

Recent contributions to the medical press in Britain have 
tended to give a fake sense of security in regard to the safe 
period of storage. A point is made in some of these reports that 
no rigors have followed the transfusion of fourteen-day-old 
stored blood, but if a careful examination of the case histories 
is made it will frequently be found that the patients were 
gravely ill at the time, or subjects of advanced carcinoma. Such 
individuak have not the necessary powers of resistance to 
produce a reaction, and cannot be taken as reliable controls in 
determining the safety of stored blood. 

The danger of stored blood resolves itself into the question of 
haemolysis, since infection is more easily prevented, and though 
chemical changes in the plasma have hardly been investigated, 
they are probably of minor importance. It is occasionally stated 
that slightly haemolysed blood is no contra-indication to trans- 
fusion, but even if this is true, the biological activity of degene- 
rate cells can hardly be very great. 

Onset of haemolysis. 

Haemolysis in stored blood is due to the increasing fragility of 
the red cells with the passage of time. The onset may be identi- 
fied by determining the fragility of the celLs in hypotonic salt 
solution, and by observing the actual haemolysis with the naked 
eye or spectroscope. The morphology of the red cells can also be 
observed by direct microscopic examination of the cellular 
elements in fresh and stained films. 

The time of onset of haemolysis varies with the conditions of 
storage. The most influential factors are: 

(i) Tho nature of the anticoagulant solution. 

(ii) Tho temperature. 

(in) Tire strength of citrate. 

(iv) Trauma. 

(1) The nature of the anticoagulant solution: 

(а) Sodium citrate: 3 per cent., sco p. 305. 

(б) I.H.T. solution, used by the Moscow Blood Transfusion 
Institute. 

(c) Isotonio glucose-citrato solution. 
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The addition of glucose to the sodium citrate appears definitely 
to delay the onset of haemolysis (Rous and Turner 1016) 
Bagdnssarov (1937) of Moscow found the fragility of the red cells 
was increased Bteadiiy and equally up to the eighth to tenth 
day whether the preserving fluid was sodium citrate only or a 
glucose-citrate solution After the eighth day however, the 
fragility of the cells stored m citrate only rapidly increased hut 
the resistance of the cells 6tored m glucose-citrate remained 
stationary until the thirtieth to thirtv fifth clay After this the 
discoloration of the plasma gradually extended 
Possible objections to the use of glucose are that it tends to 
caramel on autoclav ing and that it provides an excellent ctd 
turo medium for organisms The glucose nlso breaks down in time 
with a resultant rise in lactic acid content of the stored blood 
(II) The temperature As far as is known at present the 
refrigerator should he kept at a constant temperature of 4°~G° C 
Temperatures below zerowill result in the blood becoming frozen 
— a physical change associated with haemolysis and marked 
to tic effects if it is transfused after thawing A tvpical haemo 
lytic reaction following the use of frozen blood is reported by 
Alverov (1935) The blood which was tliree days old showed 
evidence of haemolysis on warming but this was ignored 
Haemoglobinurm and jaundice followed the transfusion 

(HI) The strength of citrate The effects of varying the 
strength of sodium citrate m the blood collected have been com 
pared using 0 3 0 4 0 5 and 0 G grammes to the 100 ci of 
blood 

Visible haemoly sia appeared first m the samples of blood con 
taming the highest perccntago of citrate that is to say 0 G of a 
gramme per cent* (Thrower 1938) 

Examination by the spectroscope showed absorption bands 
t w enty four hours before haemolysis was v isible to the naked eve 
(Iv) Trauma If there is any trauma prior to u«e during 
collection storage or transport the onset of haemohsis is 
always accelerated 


MORPHOLOGY 

Bagda«sarov (1937) m a study of the morphology of the 
formed elements in blood (stored at G° G and containing 10 1 c 
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of 3 pet cent sodium citrate in 100 c c of blood), found that tho 
red cells remained normal in size until the tenth day, after w htch 
small and crenated forms appeared, by the twentieth day many 
of the cells were disrupted and pale microcytic forms were 
present The neutrophil leucocytes showed degeneration earlier 
than tho erythrocytes and were not discernible by the four- 
teenth day, the lymphocytes and platelets appeared to be most 
resistant 

SUGGESTED RULES TOR STORING BLOOD 
Period of storage. 

My own observations with blood taken from living donors 
citratcd with 10 c c of 3 per cent sodium citrate to 100 c c of 
blood and kept away from the light at 4 ° C suggest that under 
these conditions it is not safe to use blood after it is more than 
eight days old Sly personal preference is to avoid blood moie 
than seventy-tw o hours old 

Naked-eye inspection. 

If possible, examine tho flask in the refrigerator before moving 
it, or if a better light is necessary remove it \ cry gently Care- 
less handling at this stage by mixing the plasma and cells will 
make it impossible to decide whether haemolysis is present or 
not It will bo lemembcred that citrated blood settles in layers 
on standing 

(0 A superficial layer — the citrated plasma 

(n) An mtcrmediato layer — leucocytes and platelets 

(m) Tho lowest layer — red corpuscles 

If there is no haemolysis present the upper limit of the red 
cells shows a clear cut line Haemolysis first appears at this lev el 
and blurs the line as tlio pink coloration permeates through the 
intermediate layer into tho lowest part of the supernatant 
plasma 

Contamination. 

It lias been the observation of those who have had most 
experience in the use of stored blood that if infection should 
occur, it will show macroseopically cither m the form of small 
specks on tho surface of the separated plasma or as haemoly sis 
In the early days infection was the bogy which retarded the 



310 STOKED BLOOD 

wider practice of the method In Moscow both Judiue (-it the 
Shhfassovshy) and Bagdassaiov (at the Institute) the former 
using cadaver Wood and the latter blood from living donors 
used to make cultures before transfusing the blood but tins 
method of control has since beep given up because they found 
that if infection w as detected bacteriologies II> it w as also visible 
to the naked ej e In practice the proportion of infected bottles is 
extremely Ion If a bottle or flask is opened to test its stenlity 
during the course of conservation organisms mav find their w ay 
in during the manipulation so that this practice should be con 
demned IF on the other hand examination is delay ed until the 
bottle is to bo ojiened for use no result can bo obtained in time 
to bo of any value For these reasons an impeccable aseptic 
technique for collecting must be established and the macro- 
scopic appearance of the blood carefully noted before injection 

Automatic bacteriological control 

Jordn says that automatic bacteriological control is possible 
if the haemoglobin of stored blood is converted to oxyhacrao 
globm In Ins tube* tho blood is stored under a pressure of 
two atmospheres exerted by filtered air He says 

‘Physiologists have bI own that a pressure oflC mm Hg is enough to 
com ert 09 per cent of the hatmoglobm to oxy lmcmoglobm if tl e blood 
»e in contnet with oxygen This action takes place m our tube owing to 
f lie amount of ox j gen in tl e nir All tho blood pigment is changed to 
ox ) haemoglobin and tho blood becomes a ruby red 

If tho bloo 1 is accidentally contaminated tho orgflni ms will not 
grow uni tile} nre aerobic because the growth of nnnerol ic organisms 
is inhibited bj tho oxygen tn the tube and bs' tho intense oxygenation 
of tha blood The growth af aerobic organisms will take place at the 
expense of the oxygen in tte tube and since the tube is scaled the 
ox> haemoglobin w 11 bo Teduced and tlio blood ebango from ruby Ted 
to dark red thus show ing that the blood is not sterile If the bacterial 
action proceeds furth r tlio blood pigment alters to 1 aomntoporphynn 
and the blood turns black Tlus fact is fundamental to our feci ruqiu- 
an 1 allows us to control tl o sterility colon met neally 

Do not shake 

The fragility of the red cells increases daily with storage and 
tho effect of shaking is proportionately accentuated For this 
reason the supernatant plasma and the red cells should be mixed 
bj gentle rotatory movements 
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Opportunities for damaging tho red cells arise during the collection 
of tha blood if tho blood is allowed to flow on to the sides of tl;o flask 
or if it is too strongly shaken during preservation, if tho bottle is 
repeatedly lifted out of the refrigerator for examination , during trans 
] ort if it is agitated, and prior to use, if the supernatant scrum is mixed 
with the cells too vigorously 

A severe haemolytic reaction following the injection of blood 
— Group O conserved fifteen days — winch had been shaken 
prior to injection is reported by Alverov (1935) A similar 
quantity of the same blood collected at the same time, but winch 
was not shaken, was given to another patient after the same 
interval of conservation without any reaction 

Clots. 

Small clots do occasionally form in spite of adequate citra- 
tion If the clots are microscopic they w ill probably do no harm, 
and if they oro larger they will not pass through the needle To 
be on the safe side, however, it will be best to filter, if only to 
ensure no mechanical blockage m the course of the transfusion 

If the blood is bemg transferred to another container, filtra- 
tion through a funnel lined with stenle gatwe will be an easy 
matter If the blood is being injected directly from the bottle 
in which it has been stored, somo form of intervening filter 
should bo inserted m the circuit between flask and patient Any 
of the tyqies mentioned under blood filters, p 243, will servo 
the purpose 

"Warm gradually. 

Rapid transfusions Fifteen minutes at least should be 
token to bring the blood up to the required temperature for 
injection, or ngors will follow regularly Ideally the blood 
should bo transferred from tho ice chest to a laboratory' m 
cubator half an hour before it is required for use Over- 
heating causes haemolysis, and this will occur more readily 
with conserved blood because of the increased fragility of the 
red cells If there is no time to warm the blood slowly it is far 
safer to inject tho first 100 cc nfc a temperature below the 
optmmm 

Transfusions at a drip rate. It must bo remembered, 
however, that the injection of tee coM blood is dangerous I 
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haxe known a drip transfusion started with blood received 
directly from the ice chest and a sharp ngor follow jmn c 
d ate!) One must mate sure then that the blood in the rcser 
voir is not below room ten perature even if it is being intro 1 iced 
at a dnp rate when accurate temperature control is not quite 
so important 
Administer slowly 

Transfusions of stored blood should be given at a drip ntc 
unless the circumstances are exceptional 

The rule to introduce the blood slow]) applies to most trans 
fusions but should be rigidjj applied here os undctcctnblc 
haemolytic changes may have taken place anti these w ill usual!) 
cau^e a disturbance early in tl e transfusion If one w on the 
lool out for the symptoms, the transfusion can 1 c stapjxjd before 
too much blood has been injected 


Statistic* of Reactions f of toning Blood Transfision in l ten 
using Stored Blood taken from JAutt g Donors 


B prrr etl ly 1 

i 

Period oj 
eontervnhon 

X mber 

l antjut otu 

React m per cent 

To at 
per re t ; 

Med un 
and 
set re 

MM 

A! verov 






(LSSR) 

1 5 lays 

53 

69 9 ' 

64 1 

oS 


6-10 

°3 

60 4 1 

60 9 

8 5 


11 15 

l* 5 

83 1 ! 

60 6 

V® 

Xinjo O n o 






(USX) 

1 1° 

H9 

I" 8 ! 



Bag Wftnrov 

1 14 

“790 

6o0 ] 



(Moscow) 






I'll ott rt al. 

4-19 

50 

16 

8 


B 1,11c 4 Liinglej 

1 14 

150 

.5 | 

6 

10 


The above table includes all grades of reaction from the 
mildest to the most severe 

A mild reaction is taken ns one in v> hich there is b 1 ght dis 
comfort following the transfusion with a nso of temperature up 
to 100° F 

A medium reaction as one associate 1 with n chill or rigor 

A sex ere reaction as one associated with haeniol) e s as si own 
l) jaundice haemoglobinuna or anuria 
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CADAVERIC BLOOD 

In investigating the Bubject of cadaveric blood transfusion, 
evidence must bo drawn in the main from the work accom- 
plished in the USSR in. the last ten years In Russia the 
method is firmly established, and it is from Professor Shamov 
(1937) of Kharkov, Professor Judme (193G) and Dr. Sknndina 
(1935) of Moscow that the data of its practice can be obtained. 

In 1927 the first experimental work was undertaken by 
Shamov. He used blood obtained from dogs after death for 
injecting into living dogs, and established the safety of the pro- 
cedure experimentally. His success with dogs led lam to realize 
the possibility of using human cadaveric blood for transfusion, 
but he had no opportunity of carrying the idea into practice 
at his own hospital However, he communicated his observa- 
tions to Professor Judino, who, with the greater facilities at the 
Central Emergency Hospital in Moscow’, w as able to demonstrate 
the efficacy of human cadaveric blood transfusion as fore- 
shadowed by Shamov. 

The first transfusion with cadaveric blood at the Central 
Emergency Hospital w as performed on 23 March 1D30 Circum- 
stances invited the experiment A young suicide, already in 
extremis from loss of blood, and the corpse of an elderly man, 
recently dead from a fractured skull, lay in tho same receiving 
room Both patient and corpso happened to be of the same blood 
group, and Professor Judme, unquestionably free of all moral 
responsibility, performed successfully the first human cadaveric 
blood transfusion. A little later chanco contrived another set of 
circumstances which carried Professor Judme a stage farther. 
Some citrnted cadaveric blood left over from a transfusion w as 
placed in tlio refrigerator three days later a patient with 
intestinal haemorrhage required an immediate transfusion No 
donor was available, and the stored blood was successfully 
u««c(l. Thus tho use of stored as well as fresh human cadaveric 
blood became a practicable possibility. It only remains to 
note the remarkable observation of Dr. Sknndina (1935) of 
‘spontaneous fibrinolysis’ which crowned the investigations in 
Moscow. Since then progress has been confined to elaborations 
of technique. 
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Professor Shamov (1937), from his experiments with dogs, 
considered that it was necessary to establish 

(j) That cadaveric blood is not infected at the time of its 
withdrawal 

(u) That cadaveric blood is not toxic 
(ui) That cadaveric blood has its a ital qualities unimpaired 
(i) This was done by bacteriological examinations of the blood 
and tissues ta! en tinder vanous conditions They showed that 
infection of tissue m a dead body depends upon two factors 
The first is the nearness of the tissue or organ to the chief focus 
of infection — jn healthy animals this is the gastro intestinal 
tract — whence it spreads rapidly by the portal sy stem to the 
abdominal organs At room temperature the blood in the mesen 
tone veins becomes infected about twenty hours after death and 
the In er is the earliest abdominal organ to bo infected The 
second factor is tho temperature at winch the cadaver is kept 
In the most favourable conditions for presen ation— about 
freezing pomt — the tissues nearest to the focus of infection do 
not begui to be infected until after ten days and the more 
distant organs such as the brain may be presence! for twelve 
day s or more Tho practical deductions from these results w ere 
3 The portal blood should not be used for transfusion purposes 
2 The cadav er should be kept in a cool place after death 
(n) To determine the toxicity of the cadaveric blood of dogs 
tho animals were lulled by strangulation and tho blood with 
drawn and citratcd This had to be done within ten hours of death 
as after this time the blood clotted and could not be collected 
The blood v olume red cells and haemoglobin were previously 
estimated When the blood had been thus obtained a live dog 
was brought into the operating theatre whose blood volume 
haemoglobin and red cells had been determined Parnflmed 
cannulno were tied into its carotid and internal jugular vejn= 
Through the carotid blood was drained from the animal tlirough 
the internal jugular w as injected the blood taken from the dead 
body As much os CO per cent of tho total Mood volume was 
withdrawn and cadsrenc blood substituted n/thout toxie 
symptoms being produced 

(in) The next question to decide was whether the red cells 
could live and function after their transplantation into n living 
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animal The anew er to this w ould appear to hav e been given by 
the obscn ations made in the previous paragraph It might be 
objected, how c\cr, that the transfusion acted purely mechani 
cally by restoring the blood volume To settle this question, 
a senes of experiments v as arranged 1 m olving a much greater 
blood loss Animals were bled to 70 per cent of their total blood- 
volume, after which blood ceased to flow from the carotid By 
injecting large quantities of saline to wash out the blood v essels, 
the degree of blood exhaustion was raised to 00 per cent This 
figure is incompatible with life for more than a few minutes, and 
only the transfusion of living functioning blood can keep the 
animal ah\e, as shown hj control experiments A transfusion 
of cadaveric blood withdrawn ten hours after death was then 
given, and in each case the animal revived, and progressed to 
normal convalescence In later experiments it was found that 
the phagocytic activ ity of the leucocytes was also unimpaired 
in the cadaver up to ten hours after death 

Experimental Work in JIa* 

&hamov’8 work was supplemented by the subsequent work of 
Barenboim and Skundma (1032), who studied the gaseous ex- 
change in dog and man before and after the transfusion of 
cadavcnc blood Their investigations showed clearly that the 
great decrease in the oxygen exchange after a haemorrhage was 
followed by a sharp increase if a cadaveric blood transfusion 
was given This established the fact that the oxygen carrying 
power of tho red cells is undisturbed in freshly drawn human 
cadaveric blood, and showed that the red cells and leucocytes 
of a dead body ten hours after death Btdl retain their full 
Vita lit} and are able to function physiologically quite as well 
ns the cells of normal blood 

Since tho onset of infection m tho portal system is earlier 
than in the extra abdominal veins, it was thought that it would 
bo an extra safeguard if the portal blood were excluded when 
the hotly was drained, even though it was said not to become 
infected for tw enty hours after death This, however, offered 
considerable technical obstacles Fortunately, about this time, 

A V Busakov (1034), pathologist to the Sklifassov sky Hospital, 

was ablo to show that in spite of Indian ink and methyl blue 
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injections into the mesenteric -veins of cadavers, blood collected 
forthw lth from the 3 uguiar % em contained no trace of ink or dye 
In other words, blood collected from tho internal jugular vem 
comes only from the upper and loner vena caval systems, that 
is to say, from the regions least subject to infection 

In the first 200 transfusions of cadaveric blood, citrate was 
added as an anticoagulant, but after the observation made by 
Dr Skundina (1935) it was no longer required She noticed that 
tho blood drawn for the Wasserinnnn reaction (that is to say, 
without the addition of citrate) from cases that had died a 
sudden death, quickly coagulated m the test tube to form an 
ordinary clot and then rehquefied of its own accord m f-H 
hours It w as immediately realized that from certain cadav ers a 
supply of blood could be obtained w luch did not require the addi 
tion of an anticoagulant Fresh and stored imcitrafed cadav eric 
blood was used with excellent results, and since then over two 
thousand transfusions of this kind have been given in Moscow 

Fibrinolysis, that is to say, liquefaction of tho congulmn, is by 
no means understood It is accompanied by gradual disappear 
ance of the fibrin, but is apparently not duo to digestive break 
down as the serum nitrogen is not increased It occurs in Mood 
withdrawn fiom people who have died suddenly and from badly 
shocked patients, but not from people who have died aftir 
a long illness In severe peritoneal haemorrhage, a disaster 
accompanied by shock it is not uncommon to find the blood 
liquid, and this also may be due to liquefaction of the clot 
Certainly a severe shock 13 akin to death, and it may bo that 
fibrinolysis 59 not connected with the actual death of tho patient 
MeFnrlano reported fibrinolysis as a transitory property of 
the blood of patients immediately after operation from the 
practical point of view , liquefaction of tho coagnlum is an added 
guarantee that the patient did not die following a prolonged 
illness, and, what is more significant, such blood w ill not require 
an anticoagulant and may he regarded as whole Mood 

TccVmlqwa of toUevAlxm 

Tho technique was shown to me bv Dr Shundina The 
cadavers are kept in a cool room, and the blood is withdrawn 
within eight hours of death in winter and six hours m summer 
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The neck is prepared as for a surgical operation, and sterile 
towels are applied after the preparation of the skin Instruments, 
ligatures, and cannulas are taken from a sterile drum A two 
inch incision is made along the middle of the posterior border 
of the stemomastoid, the internal jugular vein is exposed and 
two ligatures are passed behind it and drawn to the extremities 
of the w ound The vein is opened by scissors m tv o places, first 
above and then below A large gall shaped cannula is inserted 
into the upper end and a straighter cannula below which reaches 
into the right auricle, and both are tied in The high Trendelen 
burg position is now adopted and about H-2 litres of blood 
are drained from each cannula by w ay of rubber tubing into w jdc 
open mouthed bottles standing on the floor A separate bottle 
of blood is collected for the Wassermann reaction, grouping, and 
blood exammation No citrate or other anticoagulant is added 
to the blood The bottle necks are closed w ith sterile gauze caps 
each bottle is labelled with the date and necropsy number and 
placed in the refrigerator at 3® C It is kept or discarded accord 
mg to the result of the necropsy made by the pathologist and is 
relabelled as soon as the haematological report is received 

The quantity of blood collected varies, depending on a number 
of conditions, the most important being rigor mortis If an 
attempt to draw off the blood is made while rigor mortis is 
present only a small amount wall usually be obtained It stands 
to reason also tint the corpses of persons djing from injuries, 
after a considerable los3 of blood either externally or into the 
cavities, will jield less than uninjured bodies Tho selected 
material jields an average per cadaver of 000- 1,500 c c in deaths 
from trauma and 1 5-2 5 litres (often 3 5 litres and sometimes 
cv cn over 4 litres) in uninjured cases 

Storage of cadaver blood. 

Cadav cr blood is u«ed up to and including the tenth daj It 
is sometimes used after longer storage, brut not from choice, aa> 
the fragility of the red cells increases markedly after the tenth 
da) , and haemol) sis results Judine sa) s that a slight degree of 
haemol) sis is not a contra indication to using the blood, and a 
transfusion of baemolysed tenth da) blood has been giv en with 
out an) reaction In practice however, in a large hospital with 
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a constant demand for blood transfusion, the conserved blood 
is generally used nothin a few days, that is to say , before hnemo 
lysis has had time to occur 

The conditions affecting the storage of cadat er blood are tho 
same as those got errung the use of stored blood from hung 
donor?, and v ere considered in that section 

Special conditions governing the selection and use of 
cadaver blood 

(i) Suitable cadaien The cadaver should he that of a person 
who died some form of violent or sudden death such deaths are 
usually unassociated with any general disease and pro\ ide tho 
conditions necessary for spontaneous fibrinolysis Examples 
include angina pectoris, coronary thrombosis, cerebral haemor 
rhage and embolism, death by strangling hanging oc clectrocu 
tion, by gunshot and by street or other accident 

(u) Unsuitable cadaier $ Cndat era w Inch should be rejected 
include those after 

(а) Death from 6epsis, cancer, tuberculosis, or any of the 
chronic diseases 

(б) Death from drowning as tho fluid in the lungs passes into 
the blood and causes haemolysis (Jmhnc ) 

(c) Cadatere with large open wounds 

(d) Death from poisoning 

(Cases of fractured base of tho skull and internal haemorrhage 
can bo used ) 

(w) The supply of cadavers must be considerable if they are 
to be the sole source of supply of blood for an institution In 
practice such conditions rarely exist, although tho Central 
Emergcncv Hospital in Moscow may bo quoted as an exception 
In Moscow all cases of sudden death m the streets and pubha 
buildings arc taken totbeSklifas*?oi sky ,*and in addition to these 
a largo number of accident cases also find their way to this 
hospital Thus a largo supply of healthy cadaver material 

’ Tho SkliCassovtky Institute or Central 1 tncrgr»e> Hospital «o named 
after tho well known It wsian surgeon Known as tlw Fberemeltef Hospital 
before the Great XS at It was then the 6atp6tr»ire of Moscow, ln»t it was re 
named an V reconstituted after the October revolution of 1017 like win) otl er 
public buildings and Inalituliona in the Sosiel Republic 
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enables this particular institution to be independent of other 
sources of blood for transfusion purposes. 

(iv) After death and until blood is withdrawn the cadaver 
should bo kept in a cool place: warmth accelerates the onset of 
infection. 

(v) The blood must be withdrawn before the onset of infec- 
tion This does not occur under average conditions of storage 
of the cadaver in less than twenty hours To be on the safe sido 
Judine advises w ithdrawal of the blood within six hours of death 
in summer and eight hours m w inter. 

Summary 

The value of uncitraled cadaver blood from the therapeutic 
point of view is that there are fewer post transfusional reactions 
than with citrated cadaver blood, a drop of 15 per cent being 
recorded (from 20 to 5 per cent ) Moreover, Shumov is con- 
vinced that the increase of haemoglobin and red cells is higher 
than that usually observed after transfusions of an identical 
quantity of blood from live donors, and he belies es this to be 
due to its sharp stimulation of the haemopoictic system From 
the point of view of selecting material the examination of the 
dead body for the presen co of disease can bo very much more 
exhaustive than with a living donor and, in addition, the group- 
ing and serological tests can bo made at leisure, and perhaps 
therefore with greater accuracy 

Possibly, however, it is in the large volume transfusion 
that the cadaver source of supply finds its greatest usefulness. 
Here its value is twofold — it supplies the quantity, and it is no 
easy matter to obtain a large number of donors at short notice, 
told, even more important, it supplies the quality , that is, a 
large amount of blood, all of the same group coming from the 
same donor, which must be a much safer arrangement than 
mixing the blood of a series of different donors. Whet is more, 
the Wassernmnn reaction will not need repeating as in the case 
of separate donors, and the usual complicated organization will 
bo simplified many times. Tinally, there will be great economic 
advantages. 

On the other hand, there are many practical difficulties. In 
this country a coroner’s order of necropsy is necessary and there 
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might be too much delay before get ting access to a cadaver There 
are no central mortuaries a« in Moscow , so that collection and 
transport: organization would be much more complicated, and a 
corpse is surrounded by an atmosphere of sentiment which would 
undoubtedly be antagonistic to the use of blood from this source 
The question, however, can be conveniently shelved for the 
moment, since tho supply of blood from voluntary living donors 
more than equals the demand in this country 
Tho important point is that we know tho possibility of using 
cadaveric blood, and if circumstances require it we shall not lie 
ignorant of the method of procedure 
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PLACENTAL BLOOD 

In Montreal and Leningrad a new source of fresh blood for 
storage purposes has recently been exploited — namely, the 
placenta 

Before using placental blood for clinical purposes the Montreal 
workers (Coodall el al 2998) felt that they must establish the 
safety of the procedure and at the same time anticipate certain 
inev itabic criticisms based on age old maxims To this end they 
challenged the statements 

(а) That if the blood be left, in the placenta placental detach 
ment from the uterine wall is hastened 

(б) That in taking blood from the placenta one is depriving 
the new bom of its rightful due and that one should w ait 
until the contractions of the uterus have squeezed some 
of the placental blood into the foetal circulation 

Effect on the mother. 

To decide the question of placental detachment they pro 
ceeded as follows at every birth the clamp on the cord was 
released in the dependent position and the placenta was emptied, 
so that the cord lay flaccid where before it was quite turgid 
They found that the separation of the placenta was not pro 
longed or less complete tljan when the blood was not allowed 
to dram awaj This observation has been confirmed by Page, 
Seager, and Ward (1939) 

Effect on the infant 

Every child at birth lias a well marked poly cythaemia in 
other words an excess of red corpuscles so that further additions 
from the placenta would seem to be unnecessary This is sup 
ported by the observations of Page Seager and Ward (1939) 
who carried out blood counts on twelve babies whose placentae 
had supplied blood and upon tw elv o controls Iho blood was 
examined arc four occasions prior to discharge from hospital and 
they found that thcro was no appreciable difference in the blood 
counts of the two groups 
The Anticoagulant 

The anticoagulant solution v awes in strength and composition 
with different w orkers How kins and Brew er ( 1 939) ad use the 
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use of 0 3 gramme of sodium citrate in 10 c c of sterxlo water — 
fresh!} prepared This is the same dosage and strength — 
namclv 10 ce of 3 per cent sodium citrate to 100 e c of blood 
— that is advised elsewhere (p 182) for ordinary transfusion 
work and is probabl} to be preferred to the more complicated 
solutions that hare been suggested The anticoagulant is added 
to the collecting flask immediate!} prior to collecting tho blood 
Other solutions used have been 

(i) Bj Grodberg and Carey (1938) — 15 cc of sodium citrate 
2 o per cent per flash 

(u) B} Page Scager and Ward (1039)— 1 gramme of sodium 
citrate in 80 c c of ph} Biological saline per flash 
(m) Bj tho Moscow Institute of Haematologj (Bagdasssrov 
1037) and bv Cowl'll! ef al (1938) 

Sodium chloride 7 0 grammes 

Sodium citrate 5 0 

Potassium cl lortdo 0 2 

"Ungncaium sulphate 0 004 

Redistilled water 1 000 c c 

25 cc of this solution is added to 100 c c of distilled water and 
the placental blood collected into the resultant 125 cc 

Howkms and Brewer (1039) and Page Scager and Ward 
(1030) abandoned tlus mixture early m their experiments as 
thej found that haemol} sis occurred earlier than when using 
a more simple citrate solution 

Container — for storage 

A bottle of about 200 c c capacit} and a glass funnel arc used 
The bottle and funnel are wrapped separate!} in cloths and 
sterilized m the autoclave 

Technique of collection 

\\ hen the hub} is bom the cord is tied and clamped utid then 
div ided The last bix inches of the cord are cleaned w ith n sterile 
swab soaked m spirit The operator now changes his gloves and 
puts on a clean pair By means of the clamp the severed end of 
the cord is passed through a small hole m a special!} made sterile 
towel and directed so that it drains h} wav of a funnel into the 
receptacle containing the citrate solution The clamp is then 
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removed With the release of pressure the blood is forcibly 
ejected into the funnel since the blood pressure m the cord is 
considerable, and the process can be aided by milking the cord 
between the fingers Pressure on the fundus by the nurse or 
assistant, hastens the emptying of the placenta 
The towel so placed is to prevent contamination of the con 
tents of the receptacle by any fluid that might run down the 
cord from the genital tract 

The average amount collected 
The a\ erage yield per placenta is not very high and is in the 
neighbourhood of 50 c c (Howkms and Brewer (1939), 47 c c ) 
Some rather more optimistic figures have been reported Goodall 
el al (1938) 125 c c , Page, Seager, and \\ ard (1939) 80 c c , 
Grodberg and Care} (193S), 105 c c 

Grouping and cross-matching. 

When the blood has been collected m the flask a few drops 
from the end of the cord are taken in test tubes, one into citrate 
for grouping, the other into an empty tube for the Wassennann, 
if thcmother’8 blood has not already been tested for the reaction 
Blood grouping is necessary Babies at full term have a fixed 
blood group because the agglutinogen factor m the corpuscles 
is fully developed (p 274) An infant’s blood group is not 
necessarily the same as that of the mother, so that routine typing 
of placental blood is essential 
Storage 

The flask and tubes are labelled with the patient s name and 
the date and are transferred to a refrigerator at a temperature 
between 2° and C° C 
Sterility tests. 

Reports as to the sterility of placental blood are somewhat 
conflicting Brewer and Howkms (1939), examining fifty 
samples, taken from consecutne placentae of normal births 
nt term found that 22 per cent of primary cultures were con* 
turn mated Tho infecting organisms were for the most part 
saprophytes nml comprised Bacillus subtihs group cohform 
bacilli, white staphylococci, and Bacillus pyocyaneous These 
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re) resent airborne skin or genital tract contamination 
Goodall el at (1938) (number of cases not quoted ) Godberg an 1 
Carev (1938) (’6 ernes) rej ort uniform sterility Page Seager 
and Ward (1939) found fourteen out of fifteen simpler sterile 
and tie single exception grew what was regarded ns a non 
pathogenic organism It is interesting to note however that 
t! e^e w orkers state that uj on changing the personnel of the 
collecting team three out of five subsequent specimens were 
contaminated It appears therefore that a strict technique must 
be closclj alhered to and that m all cases the blood should bo 
culture 1 

Contra indications 

Onlv normal clean deliveries should be used All infected 
and {otentiallj infected cases should bo excluded Placental 
l loot! will of course not be taken in cases of obvious transmissd ie 
disease in c tlier motl er or child nor will it be taken where the 
membranes 1 avc ruptured more than fortv eight hours before 
delivery or in cases of definite prematurity or multiple prig 
nancj If anj accident of the third stage arises or if the clul l 
requires resu«citativc measures the collection of blow! will 
natural!} 1 e i> andoned m favour of the more important pro 
cclure In cases of mnrke 1 asphyxia the amount of blood m 
the placenta is in an} case so 6inall as to make it worthless 

Reactions 

There is insuff cient data Prohal 1} the reaction rate is 
similar to blood taken from other soi rccs that is to sa} in 
creas rig progressivch w ith tlie i>eriod of storage 

Length of storage 

There is insufiicient data 
Alleged advantages 

General (i) The flaoenta would appear to provide an 
inexhaustible source of hi od which can be used immcchatel} 
or after storage 

(n) In am largo institutions the groups or tl c different 
samf les of placental (foetal) blood will le j roportiomtel} tl o 
same as m tl e recij lei t The suppl} of each group therefore 
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will approximate the demand for each group \ maternity sec 
tion of a general hospital proportionate in size will bo able to 
give enough blood for the needs of the whole institution 
(in) The economic advantages are comparable to those 
associated with the u«e of cadaver blood and lack in an} of the 
problematical features of the latter 
Particular (a) Placental blood has a high cellular content 
the cellular strength is nearlj 150 per cent of the adult and 
averages 71 million red corpuscles per cubic millimetre 
(6) Foetal blood contains from 20 to 30 per cent more {nemo 
static power than that of the adult This increase is gradually 
lost in the ten dajs following birth From the point of view of 
transfusion this phenomenon would appear to be an advantage 
in transfusing bleeding cases 

(c) The absence of food allergens 

Summary 

Placental blood has not yet been on trial for a long enough 
tune for any final or dogmatic statement to be made It would 
seem however that the initial optimum is not entireh to bo 
fulfilled 

Tho position as it appears to-daj has been well summarized 
by IIow kins and Brewer (1939) Thcj point out that the average 
yield per case is small — certaml} not more than 1 00 c c and 
usually less— so that five to ten samples would have to be mixed 
to produco the quantity of blood required for an ordinary small 
Volume transfusion The manipulations necessarv for mixing 
must also increase the opportunity for contamination Further 
more it is questionable whether this extensive pooling of ec\ oral 
bloods although of the same group is entireh devoid of the 
risk of sub group agglutination reactions (seoalsopp 268 304) 
The question of sterility also arises One cannot overlook the 
fact that How kins and Brew cr found 22 per cent of fifty samples 
contaminated with air borne or genital tract organisms It is 
true that in this series no indiv idual operator w as made respon 
eiblo for tho collection of the blood vv Inch w as carried out bj the 
ordinary trained staff of the labour ward If however the 
storage of placental blood is to he a practical proposition it 
should be possible to aclueve this without a sj ecial collecting 
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team such as Page Scager and Ward (1^38) found nece^&arj 
if sterility was to be assured in a reason at h high jcrcentago 
of samj les Lastly ei en if sterility can be assured 1 j a careful 
collecting technique the small \icld obtained togetl ci with ti c 
extra l urden tl roivn upon the labour w ard and bacteriological 
staff mal es it unlikely that placental blood will in peace tu le 
take the place of the well organize l \oIuntnr> donor smree 
which it is our good fortune to base cstabhshe 1 in this country 
Although in my opinion it is undcsir ible that placental bloo 1 
or indeed an\ form of stored bloo 1 should lie preferre l to fresh 
blood it Is pos ible ti at the placenta may i o a i sef d adj met 
to the living donor 8 >urce i articular!} for emergency purposes 
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chapter xxi 


SELECTION OF DONORS FOR ENROLMENT 
IN A TRANSFUSION SERVICE 

GENERAL CONSIDERATIONS 

Sex. 

Both males and females are acceptable In the London Ser* 
rice (1938) 20 per cent of the donors were w omen In 1037 
there were also women donors jn the Berlin, Budapest, Rotter 
dam, and Montreal Services, and m Leningrad (1037) (56 per 
cent of the professional donors w ere w omen In the New York, 
Paris, Copenhagen, and Vienna Sen ices tho donors were 100 
per cent male 

Age. 

The age docs not matter within wide limits Any one between 
the ages of 18 and 60 may be considered 

Physique. 

Tho stature and weight should approximate to the normal . 
Exceedingly large or v ery small people arc better rejected 

Status. 

~~’The married or single status has no significance in the selec- 
tion df donors as there is no reason why married individuals 
should not be as healthy as the unmarried Marriage, however, 
involves other ties and is a frequent cause of a member with 
draw mg 

MEDICAL EXAMINATION 
\/ Clinical, IfAE.vuTor.oaic vl , Blood Gnotrma 
Clinical. 

'Dio prospective donor should he (a) in good physical health 
and (6) Ime good elbow veins 

(«) Physical examination. A history of past illnesses such 
as old tuberculous lesions, malaria, or syphilis will exclude 
Protein sensitivity , in the form of asthma, hay fev er, or urticaria, 
should be inquired for, and affected indiv iduals arc probably best 
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refused membership, although the tendency is for transmission 
of sensitivity to occur only during an active phase 

A clinical examination must always bo made to exclude the 
presence of any active disease, especially apical tuberculosis, 
valvular disease of the heart, or pleural effusion An abnormally 
elevated or lowered blood pressure will contra indicate accep- 
tance An X raj of the chest may be advisable in certain cases 

(6) Elbow veins. The elbow veins must bo seen or felt 
w i thou t difficulty Donors with very small veins or \ eins w hich 
are invisible are best refused In those accepted tbe character of 
the a ems should be noted — w hetlier excellent, good or moderate 
— so that thoso with excellent veins can be reserved for emer- 
gency purposes and the moderate veins sent to the more 
experienced surgeons 

l laem atolofiical. 

Tho haemoglobin should not be below 05 per cent It is 
generally unnecessary to do a blood count — — 

Blood grouping. 

TfiiTklood group should bo determined by putting up the 
donor’s cells with stock sera A and B of high titre (not less than 
1/100), and tins finding confirmed by regrouping, putting up 
tho donor’s scrum with stock cells A and B 

MEDICAL SUPERVISION 

In the interests of tho donor’s health it is advisable to Iny 
down certain conditions and limitations associated with his 
service 

1. Frequency of service. 

In a i olunlary service no chances can be taken of overtaxing 
tho hiemopoictic system, and service should be limited to four 
vtvww. a. year for a, mn awl three for tv woman These tune 
^intervals apply to individuals who have donated tho average 
■volume at a timo of SOO-GOO c c Individuals who have given 
only 200 c c , for example, can be allowed to serve again within 
the three month period Women can servo while menstruahng 
with ab«oluto safety Quite apart from questions of health, 
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more frequent service and its resultant leave of absence from 

business might antagonize employers 

2 Amount withdrawn 

The amount of blood withdrawn at one time should not cx 
cecd 600 c c This is approximately one tenth of the total 
blood volume \\ ithdrawal of greater amounts than this are 
« apt to be associated with faintness and automatic arrest of the 
blood flow A voluntary donor who faints is not likely to offer 
his sen ices again 

3 Cutting down 

Cutting down to expose the vein by dissection must bo 
absolutely forbidden whatever the circumstances Anv in 
fringeraent of this rule should be followed bp the removal or 
the institution concerned from the list of hospitals supplied by 
the sen ice Cutting down apart from tho incom emence ami 
©yen ri«k to the donor straightway reduces his efficiency as a 
member of the sen ice If cutting dow n is necessary either the 
donor s veins are unsuitable and he should not hate been passed 
as a member of the service or the necessary technical skill is 
lacking in the operator concerned 

4 Re examination 

Donors should be re-examined from time to time in order to 
confirm that their health is not being adversely nfiectod This 
meeting between Medical Officer and donor is of considerable 
importance m maintaining the unity of a voluntary service and 
gives an opportunity for reassuring the donor that all is w*cll 
with his physical condition a fact often disputed by anxious 
relatives and friends who only too often jxirsuadc an active 
member to withdraw on the grounds that his health is 1 cing 
impaired 

In a yoluntary sen ice it has been found that re-examination 
after every tenth donation is adequate On this occasion a 
physical examination should lie made tho blood pressure taken 
haemoglobin estimated and the W ossermann reaction repeated 
In voluntary gerv ices the incidence of 8% phdis after enrolment 
appears to be ml For this reason repetition of the \\ a«>ermnnn 
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reaction before each transfusion becomes unnecessary In the 
London Service no case of syphilis transmitted by blood trails* 
fusion has occurred since its formation in 1 92 1 V^If the donor 
shows any tendency to anaemia — and this is unusual if the 
number of services per annum are limited — he should be told 
not to serve again for six months, and m the meantime iron 
in-some form should ho prescribed 

5 Effects of withdrawal of blood upon the donor. 
Immediate. Faintness may occur if the blood is withdrawn 

m a sitting position, if it is w ithdrawn too rapidly if too much 
(more than 600 c e ) is withdrawn or if the donor assumes the 
upright position too quickly after the transfusion 
To avoid faintness, the donor should always be in the supine 
position, excessive negative pressure should be avoided, not 
more thin OOP c c should be withdrawn at a tune and he should 
he for ton minutes after the blood letting and then slowly sit 
up again 

Delayed, From observations on donors immediately before 
and at mten als after transfusion, Brewer (1933) has found that 
for the av erago donation of 400-600 c c the haemoglobin drop is 
from 8 to 12 per cent This is not immediate, but takes place 
ov er tho succeeding three or four days The time taken for the 
haemoglobin to return to its pre transfusion level is usually 
seven to fourteen days Tho physiology of tho restoration of 
blood volume has been considered on p 135 

6 Selection of donors for emergency transfusion 
Kelativ eg or friends of a patient who present themselves in an 

emergency must be as carefully examined as time permits Their 
selection should be carried out as indicated on pp 90, 250 
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CHAPTER XXII 


Y the VOLUNTARY OR ‘BRITISH’ SYSTEM Or 

RECRUITING DONORS COMPARED WITH THE 
PROFESSIONAL SYSTEM 

Definition 

A i oluntary sy stem is one in which the donor receiv es no pay 
ment other than expenses In the London Service thc=e amount 
to less than one shilling for service 

A professional system is that in which the donor receives 
payment for his donation, usually in direct ratio to the 
number of cubic centimetres of blood withchawn 

Tins country has, from the first, placed its faith m % oluntorj 
blood transfusion services abroad, on the other hand the 
a} stem of employing paid donors is almost tinner d 1 >r 
example, in the United States and throughout Europe e\c pt 
in Holland and Denmark It is regrettable that there arc till a 
few professional services in Great Britain and it is to be hoj cd 
that further organizations of this kind will be discourage 1 01 
the numerous practical advantages of the voluntary sy stem the 
most outstanding is the low cost factor 

Cost 

""The average cost per case in which transfusion was gnen b\ 
members of the London Blood Transfusion Service in 193 was 
8? Cd (in 1938 it was only 7 s Cd ) m Liverpool the forre 
Bpondmg figure was 7s , in Birmingham lGs , in Manchester 
13s Cd , and in Bristol Is 8 d When these sums are comp ired 
with those prevailing under the professional system that is, 
£5-£7 per transfusion, the difference is instructive For instance 
if a voluntary system were to charge fee3 at the professional 
rates, the cost of running a service providing for 5 000 trans 
fusions a year would be in the region of £30 000 Moreover, 
if all the sen ices operating m this country w ere taken into con 
federation the annual outlay would bo in the neiglibourhoo o 
£100 000 This sum would have to be met either direct Jy 
or indirectly by the State, as is the case under professional 

organizations 
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S' CHAPTER XXII 

r the VOLUNTARY OR ‘BRITISH’ SYSTEM OF 
RECRUITING DONORS COMPARED WITH THE 
PROFESSIONAL SYSTEM 

Definition 

K idluntary Bystem is one in which the donor receiv es no pay- 
ment other than expenses In the London Service these amount 
to le=3 than one shilling for service 
A professional system is that in which the donor receives 
payment for his donation, usually in direct ratio to the 
number of cubic centimetres of blood withdrawal 
This country has, from the first, placed its faith in voluntary- 
blood transfusion services abroad, on the other hand the 
system of employing paid donors is almost universal, for 
example, in the United States and throughout Eurofie except 
in Holland and Denmark It is regrettable that there arc still a 
few professional services m Great Britain, and it is to be hoped 
that further organizations of this kind will be discouraged Of 
the numerous practical advantages of the \ oluntary system, the 
most outstanding is the low cost factor 

Cost. 

1'iic a\ erage cost per case in which transfusion was given by 
members of the London Blood Transfusion Service m 1937 was 
8s C d (m 1938 it was only Is 6 d ), in Liverpool the corre- 
sponding figure was 7s, in Birmingham 1G», in Manchester 
I3s W , and in Bristol Is Sd When these sums are compared 
with those prevailing under the professional system, that is, 
£5-£7 per transfusion, the difference is instructive Tor mstance, 
if a voluntary system were to charge fees at the professional 
rates, the cost of running a service providing for 5,000 trans- 
fusions a y tat wou\d bo in the region of £&0,0QQ Moreover, 
if all the sen ices operating in this country w ere taken into con- 
sideration the annual outlay would bo m the neighbourhood of 
£100,000 This sum would have to he met, either directly 
or indirectly, by the State, as is tho caso under professional 
organizations 



IlO Cl Thu wlo fluctuations sa the rate of exc! finsotn ist be boro* tn mind 
when assessing: the * gnifieanco of this d aprsm wh ch m I tates most *ci ere y 
upon Lemngrn I \t the same tune the widoditf renew m cost bolnocn tolun 
tnry an 1 prof -ss onal service* ia clearly com eved 

The London Blood Transfusion Service has a steadily mcrei 4 * 
ing surplus of income o\ er expenditure w hich is independent of 
the results of an> public appeals Tor example m lf>17 the 
income was £3 163 and the expenditure £2 300 This income 
relies es the patient of charges the hospital of exjieiwes an l the 
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State of the necessity of subsidy It may be suggested that a 
State subsidy would popularize the system of blood transfusion 
and case the minds of the doubtful by authoritative sanction 
This is questionable, since public opinion cannot at present be 
considered favourable to the advance of a service as specialized 
as that of blood transfusion For instance, its successes are 
treated (by certain sections of the press) onl\ too often as 
miracles, and its failures as not unexpected catastrophes, whilst 
there are always relations and friends of donors to decry 
v iconously the pint of blood ns Shylock s pound of flesh Also, 
State subsidy, in this country, of the less ob\ious of public 
services has usually been confined to those organizations so 
lacking m vitality that government interference alone prevents 
their collapse 

Type of donor . 

A further advantage of the voluntary system is that it 
supplies a better typo of donor As a rule the member of the 
community w ho offers his sen ices with no hope of remuneration 
is physically and morally preferable to the professional donoi, 
whose altruism, it may be assumed, is prompted by no higher 
motive than his pocket The voluntary donor is not the type 
of person to contract disease or conceal it, and under the 
voluntary system the incidence of transmissible disease both 
m new members, and in those who are re examined after a 
number of transfusions, is ml In countries which follow the 
professional sy stem, examination lias been found necessary be- 
fore each transfusion owing to the high incidence of venereal 
disease following enrolmont This in addition greatly increases 
the work of the medical officer concerned 

The ty pe of donor is a consideration m another direction, in 
that the service affords manifest opportunities for blachnail. 
In the ^ oluntary sy stem the incidence of extortion is reduced to 
a minimum The type of individual who will give lus blood 
voluntarily is the last person who is likely to turn a psycholo 
gical somersault and become a blackmailer On the other hand, 
it appears that professional donors often demand extra re 
tnuneration for ill health which they claim has resulted from the 
transfusion Again, in a professional service it is in the interests 
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of the donor to obtain and answer as many calls ns he can, 
even jf it is neces«ar> to resort to forgery or substitution to 
do so 

The following statement was lately made by the Vienna 
correspondent of a London. Sunday newspaper 

W ilhelnt Huber held a certificate os a donor of blood for transfusions 
at a hospital here Ho received £3 for each transfusion Ho fill ill 
Doctors refused to renew the licence So he cl anped the entries in hu 
certificate Discovered ho has been giv en eight days m prison ' 

The other evil that of substitution is more dangerous If illness 
makes answ enng a call impossible, it has happened that a fnend 
or relatn e of the donor lias been sent in his place, for besides the 
opportunity of collecting the fee it is good to keep the business 
in the family As the result of this deception, passports with 
photographs of the donors have been instituted m most of the 
professional sen ices The voluntary donor, on tho other hand 
has no object in concealing illness or in substitution, and no cams 
of tins kind can be quoted Moreover, since tho donor under the 
voluntarj system serves only three or four times a jear.it is not 
to be supposed that if passports were instituted in tins 
country, he would hove in his pocket, at the time he receued a 
call, the official registration book given him some months pro 
viously 

V Health of the donor 

A factor of perhaps more importance m the organization of a 
i oluntury sy stem than of a professional is that m the case of the 
former tho health of the donor is adequately safeguarded By 
liraitmg the frequency of sen tee to four times a year and by 
forbidding cutting doteit upon the \cins the health and efficiency 
of the donor in this country is not impaired 

On the other hand in many countries where flic professional 
donor is the rule service every six weeks and even more fre 
quently , 03 well aa cutting dow n are permitted 

Therapeutically as m almost every other direction, the re 
munemtivo system is liable to become inferior to the voluntary 
m that if blood is to be paid for b\ the 100 c c the tendenev may 
sometimes be to take too little b urthermore, large- volume drip 
transfusions must be almost impossible except for tho icn rich 
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Another oth antoge of the voluntary system lies in the oppor 
tumties it affords of obtaining recruits The professional donor 
may be tempted to corner the market he will in any case not 
he enthusiastic to create over production m perhaps, his only 
stock m trade The voluntary donor on the other hand will 
not conceal the existence of the service from Ins friends and 
frequently proselytizes with the zeal of a new disciple 
The above comparison of the voluntary system and tho pro 
fcssional system may seem to tho adherent of the latter to he 
unduly v eightod m favour of the British sy stem and too con 
damnatory of that working on the Continent and in the United 
States of America The only slight redress in the balance is the 
contention that the donor under the professional system must 
be a\ affable at times previously arranged .and cannot refuse to 
answer a call The conclusion drawn from this is that there is 
not the delay in getting in touch w ith the professional donor 
that there is in calling up a voluntary donor But it must bo 
remembered that under a well run voluntary service there need 
be no delays other than the mei itable ones produced by illness 
accidents or traffic congestion which may occur equally under 
either system 

In travelling it is gratifying to compare the ease with which 
British Centres carry out their work as opposed to the multipli 
cation of regulations necessary to ensure a professional ser\ ice 
against abuse Tho impression receired in visiting countries 
abroad is that the English system is regarded ns hopelessly 
utopmn and as characteristic a national phenomenon as the 
British Constitution 

Tho cost of 8s G d per case which includes the salary and 
other expenses of the medical officer the donor s expenses staff 
salaries and a tw enty four hour service cannot be regarded as 
excessive In this connexion it is interesting to note that less 
than 50 per cent of the donors claim any expenses at all 
In all ser\ ices the mam source of income may be expected to 
be dem ed from fees from j m ate cases with a smaller benefit 
from public institutions It is suggested that when forming a 
new sen ice reasonable charges to begin with would be five 
guineas for a pm ate ease one guinea to a Stato or municipal 
hospital and 5s to a \oluntary hospital Other sources of 
z 
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income are more precarious and mil vary with the district 
served In the particular sen ice and the methods of the respan 
siblebody On then hole flag-days matinees and the like are 
best a\ oided as the type of donor w ha makes up the bulk of the 
roll dislikes publicity of that land 
It tna\ be argued that the financial problem is more acuto ui 
small ton ns than m large cities where opportunities of obtaining 
donations from pmato patients flro considerably greater 
iiXpenencc does not bear this out and those contemplating 
forming anew sen ice should not be discouraged on this account 
but should bear m mind that the area coiered will not be bo 
great and the administration costs will be less lor this reason 
the figure of 8s Od can be safely gi\en as a maximum of o\pen 
diture per transfusion though it should be possible when only 
small areas are to 1 c supplied with donors to run a emicc c\cn 
more cheaph than this 
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THE ORGANIZATION OF A VOLUNTARY 
TRANSFUSION SERVICE 

The Principles Involved in the Formation and Manage 
ment of a Voluntary. System with Special Reference 
to the London Blood Transfusion Service 
It was in 1921 that the first blood transfusion service in the 
world voluntary or professional came into existence in London 
under the auspices of the British Red Cross Society From the 
lustory of this service the principles gov eming the foundation 
and administration of a successful voluntary system can be 
deduced since the practice of more than fifteen years has ov er 
come difficulties and culminated in the eminently practical and 
efficient system now in existence 

The association of the British Red Cross Society with blood 
transfusion dates back to a day in 1921 when a request was 
received by the Camberwell division of the Count} of London 
Branch for a blood donor for an emergency case Tour members 
of the division immediatel} volunteered them services and 
P L Oliver theHonorar} Secretary of the division seeing that 
this was work most suitable for the Society seized the oppor 
tumty to prepare a list of members who v\ ere read} to volunteer 
for future cases 

As time went on it became clear that the Camberwell division 
con] 1 not meet all the demands for donors that began to arrive 
ami resort was had to the press Among those who responded 
was a rover scout who interested lus organization in the work 
and the London Rovers adopted blood transfusion as one of 
their forms of service 

At the end of 1925 the range of the work had increased to 
such an extent that problems of organization and technique 
and other difficulties had begun to arise These necessitated a 
somewhat more responsible governing bod} than had hitherto 
existed so the Service applied to the British Red Cro*» Head 
quarters to take ov or official!} the conduct of the w orh This 
was done and a Committee representing hospital* the medical 
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profession, the donors, and the Society itself was constituted. 
From this timo the working of a voluntary service in London 
was assured, and nothing can show the success of the movement, 
both before and after its establishment as an organized system, 
more than the rapidly increasing number of calls foi r b °od 

donors. In the earliest year, 1021, there was one call; in 19-4 there 

were sbrty-two; in 1027, 1,203; and in 103S there were 0,628 

(F A study of the London Blood Transfusion Service to-day 
reveals tho main principles governing the formation anil manage- 
ment of a voluntary system to be those relating to the obtaining 
and retaining of donors. I am indebted to P. L. Oliver the 
honorary secretary of the Service for the snbetance of tho account 
which follows. 


OBTAINING THE DONOR 

Lectures. , 

To obtain donors is easier than to retain them, and although 
the existence of donors is the sine qm non of the system it s 
tho retention of the goodwill and potential usefulness of tl 
donor that gives to the service its coherence and success, to 
obtain donors who will become permanent members of the 
society requires judicious selection. Recruits m the London area 
come from two main sources. Tho bulk join as the result of 
lectures given to such organizations as Rover Scouts, 1 . 

the Y.M.C.A., St. John Ambulance, and religious, literary , 
social organizations of every kind. Although in emergency 
cases tho services of constables and even .men 
commissioned, members of callings such as lews , 

the very nature of their work, be often unava,lable,mul in 
enrolling permanent donors people whose aval > 
nncertahi should be avoided. Nurses, mcilical atu icnts an l 
hospital porters sliould also bo regarded as unsuitable, part, cu 
larly in time of war, when they will have ' 

duties to perform. .Vo apjieals for donors are m _ 

talks, hnt a cinematographic representation of an actaa A 

fusion is shown and pamphlets containing in orn 

details distributed. Listeners are asked to consider m aH its 

hearing the project of joining before they apply for a form 
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enrolment, and no encouragement 13 gnen to enrol in the 
enthusiasm of the moment In fact, potential recruits are 
compelled by v or 10 us factors, such as examination for group 
mg and entry forms containing questions on necessibiUtv and 
times available, to take some time to consider uhether or not 
to join The importance of this delay can bo gathered from 
one or two examples taken from the disappointing results of 
broadcast appeals A year ago a broadcast in the north of 
England invited recruits There was a mass response about 
1,000 immediately asking for further information of these 
500 only became enrolled and of those again less than 10 
eventually became reliable donors Another broadcast b\ a 
London hospital was equallv ineffective m obtaining any jxt 
manent members As the result of such experiences advertise 
ment of this kind has been abandoned although it may lie 
suggested that a broadcast by an established blood transfusion 
service asking not for recruits for itself but for general tmpjwrt 
for the system might in the future be a means of giving con 
fidenco and help to those contemplating forming a local service. 

The personality of the [topulae lecturer or commentator on 
blood transfusion is of immense importance m the pay chological 
sphere for recruiting Besides possessing the more obvious 
neecssarj attributes lie should not for example stress unduly 
tho guarantee of excessive protection of the donor, for this 
provident care against evil will frighten some and disappoint 
others he should also contriv e to present the serv ice not as an 
act of heroism but rather as a pnv ilcge and hope, by so doing, 
to obtain tho more permanent typo of donor In addition it 
should be pointed out that membership involves no financial 
outlay and no inconvenience other than occasional loss of tune 

Experience has shown that more volunteers are attracted hv 
a lay tali from an obviously disinterested person, particularly 
if I 10 is a donor lumself than by a medical man or hospital 
official who might be assumed to mmimi7c any draw bad 8 
or risks involved 

Recommendation 

Besides those donors who join as tho result of kclurcs the 
other large section of recruits offers Ua sen. ice a on the recom 
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mendation of ft tends or relatives who have served without 
untoward results Lately, some parents of donors have joined 
more or less from curiosity and have found the experience 
beneficial to their health A. few as an expression of gratitude, 
join as a result of a transfusion given to a friend or relative, 
whilst a very few are ex recipients of blood who have recov ered 
and offer thcmselv es m turn 

Other less effective methods of obtaining recruits are ein 
ployed at various times\fO£ these the chief are the circulation of 
pamphlets and publication m the daily press The success of 
these media depends largely on the nature of tho giv en notice, 
though one or two general comments may be made Pamphlets 
I roduce results from those w ho are already interested but there 
is not much inclination to read them amongst the majority of 
people, to whom transfusion is somewhat remote and who are 
bombarded on all sides by printed matter The daily press 
might ho of powerful assistance but up to the present the ten 
dency has been to portray blood transfusion as an act of 
heroism if not of personal danger (see p 348) 

1 he means of recruiting outlined above together with the 
fact that the system is v oluntary give the London Blood Trans 
fusion Semco a reliable type of donor lhe increasing number 
of applications for membership in recent y cars has given the 
service a wide field for selection and since the demand for 
transfusions seems now to be nearing its maximum and the 
number of donors is still on tho upward trend it should bo 
possible to raise the standard of donors in London still more as 
regards accessibility of the veins, availabibty for service, and 
general enthusiasm 

lhe organization of a Service is pro eminently ono for a social 
service body whoso members will make a point of keeping per 
6onal touch with the donors listening to their complaints even 
if unfounded noting hobday times temporary disabilities and 
changes of address and com eying the occasion'll messages of 
appreciation that are received Iso hospital official could spare 
the time from his multifarious duties to keep this personal 
touch to tiio front 
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RETAINING THE DONOR 

The second great principle tint emerges from a study of tlie 
London Blood Transfusion Semeo is that invoh mg the rcten 
tion of the donors m the system To accomplish this it is of 
primary importance to take care of tlio donor’s general interests 
and health by such methods as (1 ) an organization to deal w ith 
his grievances and criticisms (2) the limitation of donations 
•and (3) In not cutting dmvn on the veins Also, consideration 
must be shown to the donor before during, and after a trans 
fusion and this calls for interest as well as efficiency on the part 
of the hospital 

General interests 

Under the system in force m London the general interests of 
tlio donor are entrusted to a special committee represenlotne of 
the donors to which complaints and comments arc forwarded 
for remedy and consideration For matters of technique ami 
practice m general medical consultants particularly experienced 
in transfusion are co opted fho main importance of such a 
body lies in the support which it gives the Eaecutn c ofn sen ice 
w hen the latter finds it necessary to remonstrate a\ ith a Hospital 
Board in the interests cither of a donor or the sen ice Theso 
interests invoh o the imestigation of complaints of delay, dis 
courtesy and technical faults and of more general complaints 
&ucl\ ns cxcessi\e calling up of the urns crsal donor 

General health 

The general health of the donor is safeguarded by a tnedtral 
officer appointed for that purpose On the appointment of the 
first medical officer the effects of the new found confidence on 
the part of tho donor was immediately shown in a reduction 
of the number of resignations and an increase in the pico of 
recruiting and since 10 II the general influence of the supm i-uon 
of the medical officer has been that of retaining old donors and 
attracting new 

The health of the donor m this country is nl>o protected hi 
hmitinq (he frequency of transfusion to four times a year for a 
man and three for a woman The result of this limitation i> that 
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there is no danger that the haemopoictic system will be weakened 
by that alarming frequency of donations often encountered in 
professional services where service is, on an average, once a 
month, although it must be admitted little harm seems to como 
of it. 

In America, a strong man by tlio name of Spike Howard claim-? to ha\ o 
served 800 times, and n still able to break iron chains across his cheat, 
and in France, an undertaker of slight physique has served 900 times 
without effect on his good health. 

What is perhaps more important is that this rule on the number 
of donations prevents the overtaxing of the goodwill of the 
members — an important consideration in the organization of 
any voluntary system 

The health of the donor is also safeguarded by the rule 
forbidding culling down on the veins Until 192G cutting down 
was practised in GO per cent of cases m London, with tho 
result that by that year the majority of the original members 
of the service had to resign since they were unfitted for further 
donations of blood The usual plea for the practice was that 
a donor's veins w ere so inaccessible that the surgeon w as obliged 
to cut down. However, in 1020, the dictum was laid down that 
if a vein w ere so inaccessible as to necessitate cutting dow n, tho 
donor should never have been passed as suitable at the time of 
enrolment. 

Personal treatment. 

To retain the donor it is necessary not only to consider his 
general interests and health, but his personal treatment when 
actually serving at a transfusion The treatment of a donor in 
this direction lies with the internal administration of the 
hospital or institution to which he is sent, and not with tho 
service, Ono may here recommend certain methods of procedure 
calculated to convince the donor that his services are appre- 
ciated and to inspire him with tho willingness for a similar call 
in the future, 

W 7 hen a donor lias been requisitioned a nurse should be 
instructed to go to the main entrance on his arrival and conduct 
him to tho operating room or laboratory for cross testing. If any 
delay is likely, this should be explained and the reason given. 
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Sometimes donors hav e hurried away from business only to face 
a long w ait at the hospital The inquiries which are made often 
reveal delay to have been totally unnecessary, although, of 
course, there are occasions when it is quito unavoidable To 
prevent vv astc of time by all concerned donors, on reaching the 
hospital should first mention that they have come to give a 
blood transfusion and then if asked, giv c the name of the w art! 
and surgeon It lias happened on a number of occasions that a 
donor his simply asked for a particular surgeon In such a case 
ho has been told bv a hospital official to whom ho lias not 
specifically stated that he has come to give a transfusion that the* 
surgeon he wants ia engaged — whereas that surgeon is actually 
m the operating theatre awaiting tbo arm al of the donor 

When the donor has been received on ins arrival at the 
hospital, ho should be asked whether he would like some 
refreshment after the transfusion In too many ciscs it is 
forgotten that the donor may often forfeit a meal time to 
answer a call 

If, for some reason the transfusion docs not take place, the 
donor naturally should be given a full explanation, and if 
necessary a written letter to take to his employers otherwise 
he may be unable to obtain leav 6 in the future for a transfusion 
The sen ice should also be notified al once, m order that the 
donor s name may he replaced on the list of those available 

The technique to be adopted at the transfusion itself may well 
ho left to the surgeon in charge but m this connexion it must bo 
stressed that cutting down is quite inadmissible that a local 
anaesthetic should bo offered that no direct transfusion should 
take place without first obtaining the donor a permission, and 
that the recumbent position should alwovs be used w hen draw 
mg the blood Tho arguments against cutting down have been 
discussed elsewhere and the reasons for the offer of an anaesthe 
tic nre Rufikientlv apparent Ihe recommendation that direct 
transfusion should not bo given arises from the fact that the 
feelings of the donors who are sometimes of a very sensitive 
nature, must not bo distressed bv contact with their patient or 
with any other In addition the blood must not be draw n m the 
presence of the donor or in an occupied ward and discussions 
of technique should not take place m bis presence With 
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reference to the principle that the recumbent posit] on should be 
used in drawing blood, it may be pointed out that, during the last 
four years, all cases of the fainting of a donor after transfusion 
have followed the withdrawal of blood whilst the donor was 
seated in a chair. The donor should also be recommended to 
remain prone for at least te n minu tes after withdrawal, although 
many of the veteran members ofa service can dispense with this 
safeguard. 

When the withdrawal of blood has actually taken place, con- 
siderate treatment of the donor should naturally continue A 
nurse should stay with the donor and take care that his arm is 
properly dressed and that any refreshment he wants is supplied. 
Finally, she should see him out of the hospital with a few words 
of thanks. It is not unusual for the whole of those present when 
the blood is withdrawn, afterwards to forget the existence of the 
donor in their interest in. the transfusion of his blood into the 
patient. The donor is sometimes left without attention, and 
without his arm being dressed, for half an hour or more, and 
occasions can be quoted when the donor has been left to find bis 
way out of a large institution in the night hours with no one to 
direct him 

Apart from the treatment in the hospital, experience has 
shown that the question of the recognition of the. sentces of the 
donor after a transfusion are of great importance Generally 
speaking, n donor will not serve again until ho has had a report 
of the transfusion, naturally reasoning that, if the hospital has 
not sufficient courtesy to supply one, the organization should 
not be prepared to provide more donors. It is for this reason, 
therefore, that service should press the hospitals to forward 
immediately a complete answer to its questionnaire relating to 
the indications and result of a transfusion. 

In recognizing the services of the donor, it is the rule of the 
London Blood Transfusion Service to deal at once with expenses 
and complaints, and the donor is urged to supply a full report 
by telephone or in w'riting within twenty-four hours of the trans- 
fusion. The donor’s expenses aro refunded immediately they 
are notified. As a general rule, expenses are moderate, averaging 
under one shilling per case, and rarely amounting to over five 
shillings except in the case of night calls 
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Ctrcvlanzahon of Donors 

The problem of keeping up a keen interest in the organization 
is met m London to some extent bj the issue of a small Quarterly 
Circular containing statistics reports of interesting case* popu 
lari) written notes on technique, and provincial and foreign 
news items Tins is circulated free (to all London and provm 
cial members and is v erv popular) and is valuable in providing 
accurate information to counterbalance press misstatement* 

Resignations. 

The adoption of the principles outlined above mil probablj 
constitute all that a service can do m the sphere of retaining the 
donor The great factor causing resignations with which it is 
particular!) difficult to deal is the power of tho press and this 
can be modified in the right direction onlj b) a graduat popular! 
zation of tho idea of transfusion as n social sen ice to which no 
danger or expense is attached Since the press itself w un 
witting!) the most detrimental agent against the enlightenment 
of the public, a vicious circle results out of which tho wav is 
not jet clear Some quotations ma) indicate tho difiicultv of 
tho problem 

I'm men aro now being asked to give their bloo 1 in transfusions at 
Evanston Illinois because tho local |>ohco commissioner complauw that 
his constables arc beginning to Jook anaemic through giving too much 

From nearer homo comes a surprising account of a transfusion 
which is snrelv calculated to deter the most heroic 

After a hasty rash home for a personal record card — both arms vvero 
then tl ormighly ch ansed with cl tmicals whilst a doctor estimated iny 
fllne*« for tl o to.sk ahead 31 j arms wt re tlicn swathed m warm blanket 
mnlennl and I was dirreted to ho on a trolley which was pusl od ml > the 
tl eftlrc After tl a withdrawal of tho blood I was again placed upon a 
trollev and almost completely covtrcd in blankets which hftd be<ri 
henting in readiness Having been wheeled into a aide ward Ircc<ired 
a welcome stimulant and an injunction to he quietly for a time Rotigl 1) 
two hours after tho transfusion tl e doctor am ! I *1 ould noon be al 1 to 
get away Tl o bondage was now removed arid two stitches ins riiil in 
tl o wound which hail 1 > this time ceased to blee<l I was now allowed 
to get up from the trolley and on going away received instruction* to 
rcjiort back Uie following week to have tl e etticl cs removed ’ 
Again, such misstatements as only one of the four groups can 
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SUMMARY 

Advantages and disadvantages of the two systems 
A \olunt&ry system is to be preferred to a professional one 
its chief advantage being the low cost of maintenance and the 
better type of donor enrolled 

Principles involved in the formation and management of 
a voluntary service 

Obtaining the donor Recruiting of reliable donois bj 
lectures pamphlets advertisement and broadcasting with 
reference to the special merits and birutations of each form of 
propaganda 

The value of personal recommendations by donors 
Transfusion not to be portrayed as an act of heroic self 
sacrifice but as a social service beneficial to the donor and 
involving no financial outlay and no personal mccnveneico 
other than loss of time 

Retaining the donor Difficulties encountered suggest the 
following methods of procedure 

A The establishment of a central office to direct the organi 
zation independently of hospitals or other institutions ai d 
to be responsible for — 

1 Calling up the donors tn rotation This is the most 
important subsidiary principle and mismanagement 
of this aspect is the commonest cause of collapse of a 
transfusion service 

2 Seeing that the universal donor is not called up 
disproportionately 

3 Seeing that a new donor receives an earlj call and 
an experienced surgeon 

(Various methods of calling up the donor arc sug 
gested ) 

B Tim establishment of a representative committee to deal 
with the general interests of the donor b\ considering his 
suggestions and complaints 

C The appointment of a medical officer to be responsible 
for the selection of donors and the subsequent care of 
their health 


A a2 
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Ctrculanzalton of Donors 

The problem of keeping up a keen interest in the organization 
is met in London to some extent by th e issue of a small Quarter!) 
Circular containing statistics, reports of interesting cases popu 
larly written notes on technique, and prouncial and foreign 
news items TJns is circulated free (to nil London and prov m 
cial members and is very popular) anil is ■valuable in proi iding 
accurate information to counterbalance press misstatements 

designations. 

The adoption of the principles outlined abovo will probably 
constitute all that a senicc can do in tho sphere of retaining the 
donor The great factor causmg resignations with which it w 
particularly difficult to deal w the power of the press, and this 
can bo modified m the right direction only by a gradual populari* 
zation of the idea of transfusion as a social service to which no 
danger or expense is attached Since the press itself H un 
wittingly the moat detrimental agent against the enlightenment 
of tho public, a vicious circle results out of which the way is 
not vet clear Some quotations may indicate tho difficulty of 
the problem 

‘Firemen are now being asked to gne their blood in transfusions nt 
Lvnnsto n Illinois beenuso the local police commawioner complains (Ii it 
Jus constables are beginning to look anaemic tlirOUgh giv ing too much * 

Trom nearer home comes a surprising account of u transfusion 
which is surely calculated to deter the most heroic 

‘After a hasty rush homo for a personal record card — both arms were 
thin thoroughly cleansed with chemicals whilst a doctor estimated my 
fitness for the took ahead My arms wen. then swathed in warm blanket 
material and I was directed to he on n trolley which wra pushed into the 
theatre After tl e withdrawal of tho blood I was again placed iifton a 
trolley and nlmo.it completely covireil in blankets which lad hem 
heating in readiness Having been wheeled into a si lo ward I received 
a welcome stimulant and on injunction to he quu tly for a time Roughly 
two hours after the transfusion tho doctor said I si onlii soon In afilt to 
get away The bandage was now removed an l two stitehca uui rted m 
the wound which ha/! by thw time ceased to Weed I was now allow oil 
to get up from the tn Hey and on going away receive* I instructions 10 
report back the following week to hovo the stilchca removed * 
Again, such misstatements as ‘only one of the four groups cau 
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give blood — the other three corrode’; ‘greatly weakened con- 
dition of the donor’; ‘not more than one person in fifty has the 
nghfc physique to give blood’— and, referring to a professional 
footballer, ‘he was able to play, to the amazement of his doctor, 
eight days later’, are to bo read almost daily in the newspapers 
and must have a most unfortunate effect upon the minds of 
relatives and friends of prospective donors 

The press would be doing a valuable public service if they could 
increase the confidence of tho public in the matter, by allaying 
the unfounded prejudices which are so widely believed 

GALLING UP OF DONORS 

Tho most important subsidiaiy principle in the running of a 
Blood Transfusion system is that governing the calling up of 
donors. The commonest cause of collapse of transfusion sen ices 
is mismanagement of this aspect of the w-ork, and this usually 
takes the form of an unequal demand upon the services <>t the 
individual donors. This may come about in two ways JLhoro 
may be a disproportionate demand by hospitals for members of 
the so-called ‘universal donor’ group, or there may be i dis 
proportionate calling up by the Service of the donors who are 
most readily accessible to it. In the former case a particular 
blood group is used excessively, and m the latter particular 
individuals. In either case ono body of donors receives calls *o 
frequently as to tire them of the service, whereas others w ho are 
only used occasionally lose interest and drift away In the < oso 
of the drain on donors of group O, there is the additional 
disadvantage that this group alone is available for answering 
emergency calls. Tho excessive demand for universal donors 
arises as a result of hospital authorities taking the line of least 
resistance, and omitting grouping on principle, or by failing to 
look ahead and group all possible candidates for transfusion 
on admission. 

Abuse of the universal donor. 

In 1029 the demands for group 0 donors from the London 
Blood Transfusion Service reached tho disproportionate figure 
of f»C* per cent., whereas only 25 per cent, of the calls were for 
group A — jet normally the two groups are present in the 
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population and amongst the donors of service m almost equal 
numbers (about 45 per cent ) Even allowing for a certain 
number of gravely urgent calls where there was no possd ilih 
of grouping it was obvious that group 0 s were being called up 
unnecessarily with the result that a serious scarcity of group 
Os was experienced The matter was careful!) considered It 
was felt that blood grouping was such a simple and expeditious 
operation that the lack or absence of a pathologist or the non 
possession of serum Bhould not 1 c accepted as adequate reasons 
for not grouping It was further felt that an\ patient for whom 
there was the slightest possibility of a transfusion being roqiured 
should be grouped automatically upon entering hospital and 
that it was no excuse to say several da)s after admission that 
there had been no time to group 

It was therefore resoh ed to mstruct the office stall to refine nil 
calh for unner*al donors where the patient had not been groiprd 
unless cntirel) satisfactory reasons for the non grouping were 
received and further to urge tint all calls for bona fide group 0 
cases be postpone I until after business hours when \ ossiblc 

A great deal of unpleasantness was occasioned bj the canning 
out of these instructions but a marked!) reduced demand for 
universal donors has been the outcomo so that m 1030 0 per 
cent of the calls were for 0 a and 39 per cent for A b and this 
in sj ite of an incrca e of more than 2 000 calls ]>cr annum in the 
interval (lig 15) 

Donors In rotation. 

The second common factor of mismanagement is the future 
to call up donors m rotation It has 1 ecn found that the circum 
stance* in which this is most hkel) to occur are when the calling 
up of individual donors rests in the hands of the hospital 
authorities or mdiv i lual surgeon* Tins ta«k soon becomes 
delegated to a junior official such as a telephone girl or hall 
porter whoso only object is to ol tom a donor v itli a minimum 
q[ trouble Inerctal It tkn results m the calling tip of the i>erson 
mostcamlv reached by tclcjhone and that donor Jeromes over 
worked while those not so readily accc^dlc rarely ifewr receive 
calls In this connexion it max lie noted that in London for 
examilc opj ortnmtics arc usuallv given of summoning donors 
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from some little distance, since less than one-third of the total 
number of calls are of real urgency, while some give one to three 
days' notice. There is, therefore, no adequate excuse for the 
overworking of particular donors, especially as the principle 
of rotation is so vital to the success of a service. 

The solution of the difficulty lies in the formation of a separate 
organization with Us own central office, to carry out, independently 
of the hospital staff, medical or administrative, the work of the 
organization. This central bureau, in addition to enforcing rota- 
tion among tlio donors, will also be the most effective safeguard 
against a disproportionate demand for the service of members of 
the universal donor group, provided it is in the hands of an 
individual of sufficient personality to deal with summary and 
unreasonable demands from hospitals 
Tho organization in adopting such a course of action must 
have, for obvious reasons, the unqualified support of the 
medical practitioners in the district served 
"Another argument which may be raised in support of a 
separate organization is that when a hospital runs its own 
Service — without the intervention of a local committee — it 
may find itself in competition with other hospitals m the same 
area, o very undesirable state of affairs, n hieh is likely to lead 
to tho introduction of payment as an inducement to serve 
A central office could be conveniently established in the house 
of a private individual whose telephone is never left (as is tho 
case with the London Blood Transfusion Service), or in a 
Y.M.C A. or Toe H Hostel or a nursing home or ambulance 
station: it could take over those methods of procedure, the 
success of which in practice has already been demonstrated by 
the voluntary services in London, Liverpool, Birmingham, 
Newcastle, Bristol, and other parts of the country. 

Galling up a Donor: the procedure 
Tho general principles to bo followed in calling up donors 
liavo been stressed, but something must also be said about 
tho actual methods and procedure to be adopted by a 
Central Office in calling up individual donors. The method 
of the London Blood Transfusion Service may be taken as a 
guide. 
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Immediate procedure. 

IVhen the Service receives a call it first inquires the name of 
the hospital, the ward, the name and group of the patient and 
the surgeon who will carrj out the transfusion lha records are 
then consulted and a donor is supplied in strict rotation and of 
the right blood group From the main register of available 
donors, a district register (particular!) useful after busmen 
hours since it gives the number of donors available in the 
Vicinity of a given hospital) and a card index, the particulars of 
all possible donors can bo obtained at a glance Besides blood 
group, times available and acces»ibihtv details sucb as special 
objections to and preference for particular hospitals, dates and 
hospitals of previous transfusions and such comments as 
‘Novice, not jet used , Particular!) av ailablo for night calls’, 
appear at once 

Methods mailable 

9am to 6 p m. 

Hav ing selected a suitable donor steps are now taken to get in 
touch with him ns quichl) as possible Various methods are 
practised by tho London Blood Transfusion Service During 
business hours that is to say from 9am to (5 p m , most calls 
are served b) officials and employees of professional and busi 
ness houses who are obtauicd by telephone 

6pm to 8 p m 

From G p m to 8 p m express messages, that is to sa> tele 
grams telephoned to tho nearest }>ost ofliec, are utilized, the 
donor being asked to telephone at once for full instructions 

After 8pm 

After 8pm there are various methods of getting m touch 
with tho donor 

(а) B) telephoning the very few donors who are available b) 
private telephone 

(б) B) telephoning fnends or neighbours who have volnn 
leered to inform the donor 

(c) Bv telephoning members of rotarj clubs a considerable 
number of whom in London have given their promise to 
call up donors within their immediate vicimt) 
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(d) By telephoning the nearest police station and ashing them 
to send a constable Although this request is never 
refused it is not a very reliable method since the officer 
may be called upon either going or leturning to perform 
ordinary constabulary duties 

(c) By telephoning all night garages and hiring a private 
car to call at address after address until a donor is 
found at home This is effective in the long run but \erv 
expensiv e 

if) B\ telephoning a taxi rank This is the weakest method 
of all, as nianv drivers will go to the house indicated ami 
simply state the} have brought the taxi ordered which 
may puzzle ev cn the most intelligent donor 

Post-transfus3onal procedure. 

When a donor has been used his name is w ithdrawn from the 
list of available members only when he has mtunated his 
willingness to serve at a further transfusion is it replaced 

Insurance 

In the general aspect of safeguarding the donor it should l c 
noted that the question of insurance has arisen often and has 
always been rejected bv the London Blood lransfusion Service 
Tho idea of insuring the donor is unpopular largely on account of 
the cost T here is no basis available to compute probable claims 
and consequently Insurance Coinj ames would safeguard them 
selves by a high premium One Insurance Company recently 
would not accept a policy on the life of a donor, thus show mg the 
misapprehension that ovists even in what should be well 
informed circles A tentative inquiry for terms recently elicited 
a quotation of an annual premium which fur oxcccded the total 
amount pawl in compensation by the service during the ten 
years of jts existence 

In addition to the cost there arc other reasons against insur- 
ance of donors There would possibly be a lessening of the 
rc-iponsibilitv of surgeons carry ing out transfusions if they knew 
that the donor was insured against ill-effects, and on the other 
hand the donor might be tempted, if insured, to malinger for a 
few days Perhaps the greatest difficulties involved in the 
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principle of insurance lie m determining tho liability for disable 
ment and in the probability of chum being tendered which do 
not arise from transfusion per se In connexion with tho first 
difficulty it may be noted that most cases hare been of septic 
arms or burns or damage to clothing due to the u«c of iodine 
Unless the«e injuries were expressly colored — necessitating a 
higher premium — the Company would claim a refund from the 
hospital tho latter would probably repudiate the claim and the 
Company on this showing would refuse to pav the donor 

In connexion with claims w Inch do not arise from transfusions 
themselves the service occasional^ gets cases of sepsis or 
abscesses occurring long after transfusion but near tho R ite of the 
puncture These are coincidences and no Insurance Comj unv 
would piy claims for them On tho other hand if tho service 
were to disclaim liability tho effect would bo harmful to the 
organisation since it is usuallv impossible! to persuade such an 
imhvidual that his trouble would hai e occurred if no blood tram 
fusion hael been gnen 

Tho result of tho drawbacks attending the project of msiir 
ance of a donor is that in this country tho Rritish .Reel Cross 
Socicti has decided to accept the entire responsibility for all 
claims occurring m the London and affiliated prov mcial «icr\ ices 

Finance (see also cost pp 333, 334 33R 337) 

I malice is as a rule the aspect which causes the promoter of 
a new sen ice the greatest anxietv Lxpcricnco has proved 
howei cr that it need not be a sourco of worry provided tho 
organization is run along the lines already indicated If the 
right type oF donor is obtained from the beginning n self 
supporting organization m built up if tho wron„ type is 
obtained — a typo that is unreliable or withdrawn after one or 
two sen ices — money is wasted on needless propaganda mid 
oRicc expenses 1 xtravngant recruiting l»y expemivo tra\cl 
hiring of large lnlls ad\ criming anil broadcasting have nil been 
shown to be unneccssaiy and usimlh less effective in obtaining 
cither qunntitv or quality in new recruits Fvpcmes hovrever, 
naturally tlo occur, though m the London nrea for IU3S they 
amounted to only 7« Gd a case (there were C f»28 transfusions) 



VOLUNTARY TRANSFUSION SERVICE 355 

SUMMARY 

Advantages and disadvantages of the two systems. 

A voluntaiy system is to be preferred to a professional one, 
its chief advantage being the low cost of maintenance and the 
better type of donor enrolled. 

Principles involved in the formation and management of 
a voluntary service. 

Obtaining the donor. Recruiting of reliable donors by 
lectures, pamphlets, advertisement, and broadcasting, with 
reference to the special merits and limitations of each form of 
propaganda. 

The value of personal recommendations by donors 
Transfusion not to be portrayed as an act of heroic self- 
sacrifice but as a social service, beneficial to the donor and 
involving no financial outlay and no personal inconvenience 
other than loss of time. 

Retaining the donor. Difficulties encountered suggest the 
following methods of procedure: 

A. The establishment of a central office to direct the organi- 
zation independently of hospitals or other institutions and 
to bo responsible for — 

1. Calling up the donors in rotation This is the most 
important subsidiary principle, and mismanagement 
of this aspect is the commonest cause of collapse of a 
transfusion sendee 

2. Seeing that the universal donor is not called up 
disproportionately. 

3. Seeing that a new donor receives an early call and 
an experienced surgeon. 

(Various methods of calbng up the donor are sug- 
gested.) 

B. The establishment of a representative committee to deal 
with the general interests of the donor, by considering his 
suggestions and complaints. 

C. The appointment of a medical officer to be responsible 
for the selection of donors and the subsequent care of 
their health. 
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D. A limited frequency of service. 

£, A rule forbidding cutting down on the veins. 

F. The care of the personal treatment of the donor in every 
stage of the transfusion. 

G. The recognition of services, particularly in the form of a 
report on the result of the transfusion. 

Finance. The cost of running a transfusion service is 
estimated. 

The problem of insurance is discussed. 
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APPARATUS AND ACCESSORIES 
Information concerning all apparatus mentioned 
m this book can bo obtained from the Genito 
Urinary Manufacturing Co Ltd De\onshire 
Street London, unless otherwise stated m the 
text 
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br< tnros ns means of obtaining donors, 
312, 343 

Ledcrer’s anaemia, transfusion for, 
247 

'Leucocyte cream*, transfusion with, 
150, 

Leucocy ten anil platelets, restoration 
of, alter haemorrhage, 130 
- — duration of life of, in transfused 
blood, 05 

— • in infant at birth, 273 
Leucocytes is, methods p{ inducing, 
in donor, 150 

Leukaemias, cautions an to tran-dii 
stem in, 125 

Leukscmie Wood, transfusion of 155, 
169 

Lightin relation to si ora go of sera, 22 
Lmtletnan method of whole blood 
transfusion, 193, 196 
Liter damage in relation to haemor 
rhago, 196 

Liver in relation to speed shock, 82 
— , post mortem appearances in after 
wrong group transfusion, 106 
London blood transfusion service, 
Cost of, 332, 333 

— , growth of, 340-2 

Low.titro Borum for typing as souico 
of error m bloo<l grouping, 34 
Lumbar pain after incompatible 
blood transfusion, 93, 99 

M and N factors in explanation of re 
transfusion reactions, 97, 86, 87 

, rule 0 f, | n determination of 

life of transfused red corpuscles, 65 
Macartney bottle for storage of blood. 

Malaria, transmission of, by trans- 
fusion, 01, 

Malnutrition, blood transfusion in, 
169 

Marrow, bone, depressed or disordered 
function of. transfusion in, J27 
• — . — , effect of transfusion on, 113 
Medical examination of donors for 
transfusion service, 327, 328 
supervision of donors far truns- 
fawan set-vice, S2S-SO 
Melacnu neonatorum, prognosis in, 
276 

, transfusion for, 27(5-8 

, treatment of, 276-8 

Mi tharniallmmin, 101. 

Met haemoglobin from haemolysed 
red cells, job 

— , spectroscopic recognition of, 102 


Microscope, risks in using for blood 
grouping, 25, 26, 39 
Morphino for rigor after transfusion, 
73 

Morphology of blood as affected by 
storage 397, JOS 

Mortality of blood transfusion, 107. 
Multiple transfusions 41 
Mjoiardium condition of, in relation 
to rate of introduction, 121, 123 
— , strain thrown on, by reaction, 69, 


Needle cannula, 24 7 
— . donor i 

— fir uv in blood grotipixi. inch 
nique 26 

— for lernpiuu tine 20J 

— luftuitH 290 

— .obstmctnii) in how ton in Iv 228 
— , parallel Hided 244, 24o 
— , recipient t 

sharpening of 243 241 2 It 
—.size of 214 24s 
— . tapering 247 

— technique nl wit lull awn I i 
— , With able 1<I titling 4 
Needles atorago ol, 246 
Nephritis, ohromt pretaufi< i i os 

snry in transfusion in, 124 
Nephrosis, lipoid transfu-in ii 199 
Nomenclature of blood grnu | • < •) 

Normoblasts in infant at birth "2 
Nuclein for inducing leuiocyt i 1 >0 
Nutritional anaemias, 2»0 


Oedema in haemorrhage, 132 
Omnopon, uso of, before !rai>~lusion, 

10 

Operation*. prolonged, large v >luino 
transfusion during, 275 
Ov erhent ingthe blood , dangt r of 210 
Oxy haemoglobin from haeinolvsed 
red cells, 99, 100 
— , spec l rose op ic picture of, 102 

Pam in chest, constricting, »3 danger 
signal in transfusion. 79 
Papir, glohfty, for mixing celts anti 
acriim on, 24 

Paraffin wax methods of whole blood 
transfiuuon, 1 99, 197 
Percy tube for whole blood trnnsfu- 
won, 197 

Pernicious unncmia. tran.'fu«tmi m, 
150; ond ate -Anutinm, pernicious. 
Phagocy tea, transfusion to supply, 
167. 
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transfusion to supjlv 128 153 

156 
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Precautions neororary in blood Irons 
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Prematurity luisrmui f _’S 0 
Pie-operative measure large volume 
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Press tl e da Ij as a means or re 
eroding don re 34 1 
Prevent 11 n of reaction* *4 
Prognosis m t*ronj, group tronsfu 

• ops 106 

Prolongation of direct t<*«l risks uf <3 

— of grouf tig tret risks of 37 
Prophylactic measure-* against efTcets 
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Prop! j laxui <f etmUtory failure 
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Protein, foreign os cause of reactions 

70 

Protein sensitive recipient, caution as 
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Protein seruativ ity in relation to 
selection of donors, 327 
Prothrombin deficient In Joint UrA 
nn 1 lepatic damage, 1G7 
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P*eu«lu agglutination (Itauluiax fir 
mation) 39 

— — m» source of error *11 Woo! 
grouping 3 1 3-j 

in relation to interpretation of 
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77 
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of plate! Uonl) for 15* 

Purpuric nu>h after transfusion with 
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P) lone »tcn vs Is transfusion in £81 

Rate of (low centre lied by ilrlt regu 
Utor i. I 252 

in coll-ction of blood from 
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120 121 

— — in small volume transfusion 121 

in trnnxfuti in for haemorrhage 
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with rotary p imp -27 

principles governing 116 20 

Reaction after transfus oil common 
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cause nf 7ft 71 

due to fa du in appnra 

tun or Kilutioiw, 108 

— — — — freq isney nf 71 72 
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71 IftJ 
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— - prev ion« severe n vwiut) for 
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Reaction to wrong group transfusion, 
immediate 93, 94, 95, 96 
Reactions after transfusion, danger 
of, 09 

, prevention of, 74 

•—after uso of stored blood, 298, 311 

— after whole and ettrated blood, 176 
—.citrate. 179, 184, 185 

— >due to faults in technique, 109 

— during transfusion 72 

— , haemolytic, m spito of correct 
grouping, 84, 85 
— , intra group, 39 
—.investigation of cause of, 107-9 
— , re transfusion, 85-8 
— , sub group, due to accessory agglu 
tuuna, 88. 89 

— to wrong group transfusion. 92, 95 
96 

Recipient, the, 10, II 
— , treatment of, after transfusion. 1 1 
Recommendations as means of ob 
taming donors, 3 13, 344 
Recruits, voluntary system affording 
opportunities of obtaining, 336 
Red cell suspension for titro estima 
tione preparation of, 14, 15 

— corpuscles, deficient formation of, 
conditions of occurrence of, 127 

, duration of hfo of, 04, 05 

in infant at birth, 272 

, loss of, supplied by transfusion, 

, restoration of, after haemor 

rhago, 135, 136 

• , rolo oF, in production of ronal 

damage, 08, 99 

, transfused fato of, 64 05 

Re-cxnmmation of donors, 329, 370 
Renal changes m haemorrhage, 133 

— damage after incompatible trans- 
fusion, theories of, 98, 99, 100 

— failure after incompatible transfu 
sign, 95 

— phase of reaction after wrong 
group transfusion, 04, 95, 06 

— suppression after incompatible 
transfusion 98 

— tubules m death after wrong group 
transfusion, 105, 106 

- ' — • — , obstruction of, mechanism of, 

09, 100 

Resignations of donors, 3 19, 350 
Reticulocytes in infant at birth, 272 
Re transfusion folio wmg o rigor, 74, 
73 

— in treatment of wrong group truns 
fusion, 08 
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Ro transfusion reactions, So-8 
— _ — due to unknown factors 87, 88 
— — , treatment of, 80 87 
Reverse cross matching test 45-7 
Rigor mortis in relation to collection 
of ca lav eric blood 316 
Rigors after transfusion 60 

frequencj of 72 

— . — -with incompatible blood 03 

Rotary pump, description of 211-14 

drip adjustment for 212-14 

principle of, 211 

transfusion with 210-18 

ddhculties wit! ’6 8 

management o 

techmquo of 

and see under Transfusi 
Russia cadaveric blood fra 
practice in, 312 313 
— , storage of blood m 298 

aline glucose as emergenc> ^ «ro 
before transfusion 233 
— for rotary pump trail 1 i n 
217 218 , 

-, phjsiologieal with norm u ln 
for transfusion in shock 1 1 f 
Saphenous vein, draw back* I ° 
201 

icrew cap for collecting bott 1 8 

— bottle, advantages of 23 
Sedimentation of corpus-. 1 ,n 

titrated blood tramfusioi 
Sensitive donor in relation to 1 1 M r 

_r, p P :r „%■<. «. « .n-*- 

symptoms 83 
Sepsis, dosago in, 113 

—.gross cautions necessary in iron 

fusion for, 123 
Septicaemia transfusion in, 

Sera, concentration of, technique o 

, contamination of, 20 
distribution of, 18 , 

fluid and dried, relative advan 
ages of, 18, 19 
group testing, 12 — 

high titre, importance of U is 
recipient m relation to donors 
vith, 50 on 

—.value of, for typing, -» 

packing of. 19 

preparation of 18--0 

preserv ativea for, 20 

stock, blood grouping with -J, w 

storage of 20 

supply of, organization for, 17, 
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— — , tempers mro for, 307 
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— < f citmted 1 loo. I for transfusion, 
200 
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— 1 — •» in mfnnt3, 272-92 
, — , dosage in, 274 275 

— , — , — , gravity method of, 292 
, ' — , — .indications for, 27ft 86 
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